; e3eTJIK, MKMWNT6TTTv! 07 SEP 2004r - 1 NUTRI TI NAL M NERAL FORTI FI CATI ON OF
M LK Technical Field The present invention relates to a process for
producing calcium5 or other nutritional mneral fortified mlk) tonéed
m |k, or milk powders. Background to the invention Calciuf7? SSEP-?]WV al
essential in human nutrition and conprises approximately 1.5 to per cent
of total adult body weight. Besides prqviding the 10 skeletal structure for
bones and teeth, calciumplays a key role in many ot her day-to-day '
functions of the bodyUTRAIMNALMINERMOFORTIFICATION QoMK cl otting of

bl ood, the conduction of nerve inpulses, the contraction and rel axation of
muscles as well as the regul ation of body fluids, hornone secretion and

cel | divi sSTéthnital ERll¢i um has received increased attention in dietary
regimes in recent tines because of its possible role in the 'prevention of
di seases such as ost&¥ppiessntinvendon eiaerda ddurogass for produring salcima) f or
calciumi . %mm n ; ; i S are

consi d?r egor;tﬁﬂggg%ﬁf”ﬁéﬂ sourr%ieﬂ)o cal g%,atrﬁ]ngﬁgm{lﬁgr %/K%@g%%é‘enti ally met

t hrough the intake of dairy 20 products. MIk is a dairy product and as
such a souyrce of cajciym_ MIk generally contains 1200ng per litre of

cal cium to,u'KLﬁ'{ﬁE’dE’ﬁﬁ'ﬁ’@ or cal cium has increased, it has becone
necessary to produc i i b | i . cal cium
o oo ngl e sorve. _ Setgur |8 rficral el h firh SulBlciin A EatBlieet, %
not chooseappoxkioTedalyel .5 do Geparcenirifiotat adalt bydpnaihhit Besidesalprevridiagithe to
cal cium m neral , suppl enents. So lciumfortified mlk, products use

ol at 06l I8! SHRAURRBOBES B AFalih SHIEWTARIEYS LSHEIARRESHIRY or
calciumc atgpf@)a@ i Hdodl). s2aMant ' hiki aste
and sedi rrgdnt ati oﬁy E@%&!ﬁ@@}:ﬁgi{ Ci ur#vs'al t. @%l%?@p?@ﬁﬁif%@%gﬁgﬁ%@@g%ioﬁ‘e t he
use of sudpeond,ibe cagdncion of navivatimpaisebetheatantraciion andaplExstionoflt has been
observed that the adéﬂti n of JciL%msaI s, to mlk caussadoeqin 07
SEP 2004 -M3SEleE Seiral ¢ e EgulRioRCTeRHdMIds SorBoRR SSPEICBRTILFN ack of
heat st abidiiitipni N such calciumfortified mlks where sedi nentation occurs
after pasteurisation. The raised calciumactivity of mlks with added

cal ci i al so cont ri Hialekim badeeteivatbinatadsedattefion ihdstagdegimes ir oducer s
to add cal ci uni afterb gasteug sati on. 5, The, speci ficatiopn of US Pgtent No.

5, 449, 523 '§CEH WOES LR a5Ls pgssih ﬁéo\&@g%\?&‘{?‘b‘?{“@f‘q HEEEMICOAS i ed
yoghurt. Td&e@;ﬁ&@@ﬁ,sTh@qée&ﬂﬁaérﬂ%d%aﬁip%ll,@%aﬁbél(mA foeEAIBNRPRI R0tand ¥

product with an alkaline agent, a chelating agent [preferably alkali netal
ci trates] fanwomen-and 88067y foomesl. Hainl wpducis Hie cenkideretbangxaslienid

chel ating agen re _added .t m xture in_amunt s effective to
i o 0 cnroEPRERER sg e Rifs Bt tabboBTRiBlEn e MafEl il base
m x i 9ot hegfropasieur i sed, cooled and inoculated with a yoghurt starter. The
specification states that the invention is based on the unexpected

di scovery that the Hddk issa dBiry pradust apd @suchansoweedif gatgiimaMili i nproved

if the pH ] ' 7 i [ sation.
Fur her mordShet8h Sy dondd BB i 31 eAGRH thodeln, &8 8 eBRRERIRL T |

whi | st maigigim s indeeddddaRiee faconiynesklisagy b slveluet icattigadottifisdd/ or an
al kal i ne agent at approximately the sane tine as the source of calciumin
amount s efMidewithiaa tasggranennt efinalgimmfin arsiaglemsirvg bel ow 6. 7. Experi ence has
shown_that mlk stabjlised wt. itrates .and other chelatin suffer
From EPans ucency. 20 sppurainfed HifiHiCRyBRe PaBRE T BUIRRIRESNT, The
protei n mMerlsuRfe Rfge ktlRAEECoPHaiasRIdOcisdPakdiRalies ticalcnen @sigengl y ot her

nutritional mnerals such as magnesiumiron, zinc are being added to mlKk
and m| k FUXNRIMENSIt s an object of this invention to provide heal:

stabl e calgl : e 3 kg i : L i t do not
surter any B GReR) RifiEnik prodd A8 Bbe FRIAY il QIGbIE SlinTof Kathit

i _n?/Ent [ 33 sit&htar? @icgﬁﬁum mgpﬁa&@ ca‘rtmlaitpr:ngrarhsvr?]aﬂietthahiazhventhiﬁeugaacfi\famagéi ed

m owders that have goo eat stapilit en, reprogesse ter
 econdbi t VNG QBFfVé%t&@é@rﬁﬂ‘mSHgé‘P“tQ%éh? Roloih SATLTRPESS TR Yon i s

redi cate i Gl Ak et iAer al
Porti 11 eq aumiSetir8 Y S dr sBbpiich) 4o fhafidin o EApluO
suspension.

It has been observed that the addition of calcium salts to milk causes a drop in




07 SEP 2004 - 3 amount of a phosphate whi ch enabl es cal ci ugygmj}r
nutritional mnerals to mgrate into the protein mcelles dn i B0 ns t he
pH so that it lies within a range from6.5 to 7.5 preferably between pH 6.8
-7.0. This is in contrast to the effect of chelating agents such as

citrates and pol yphosphates which at high 5 concentrations disintegrate the
casein mcelle causing mgration of calciumfromthe mcelles and rel easing

casei n i ntiytt HESSERR A PIHS gtighide bermnepieasph frdaciiabeatcabitiivrig susht he
present i i i k& i ] i

Pt oughout iy TORIRIRORINE R ERe s BhRalidch PhoddSrErBaBubatil Mo s 10 &
m | k basedajsesdeaieiumadtivity og Mitksskithratidted caichms aisoutcedrittek to tedt fi ed i | k

or enrich i that .is either intended as everage or .as.an.ingredient
to be useﬁﬂ?%:oh'lt%rﬁ]ﬁl rﬁaﬁr%gée’?gi‘%ﬁfmﬁ%@rﬁ Wg?‘é‘ﬁ?%ﬁ'ﬂ*‘“?rﬁ efb%a"?ﬁei*‘ﬂ?aql%hcent r at ed
mlk os mlk powder BfspatifidiRionsfass Feitat 16 446528 REeSSNG préradake
ot her dair roducts such as cheese, yoghurt, powdered m [k Stgl’_tl ng from
mlk, 15 cohdenpieReedfian ¢i@ enlcivm korpbedigeghnit Theipspegssrinniedat shet her t han
cal cium arg,j : I i r - dj y resent

i nvention %?%%/ieﬂrens'ﬂgg%?%@ég}sﬂ 6{8%%68@%3(@%%{5\ @?ﬁﬁq{eoéﬁ%ﬁ ?Icﬂégep@g m ner al
fortified agdrit [preferaplycdieslsmietall ailtiteg] 20d thwusteepbsalfible-caddainndrtee sol ubl e

bet or e or Aele St R indREF e AR e Migeis nadvareln an -
ef f ctiove b 10fnaneipERNGH f i GboiRi BIADHTE abbge SBEL 8 ark or

nutritional mneral to mgrate info e protein mc es and nmal ntains the
pH so t hatyaghurl asewinbhisiinen pastserisedncdolsd vad indculdted pritf ayogtughosphat e

[ h : h h d i f bl f
monosodl unaRy dF B SheteRGEhae pdng! Teonusain & harse e GIPRESIR phat c.
tri sodi uriacdepphiegPiaheat SRBARPLARSIHIA %IPMQH%%Qﬁé‘J{%ﬂHﬁJFSﬁ&M‘%’?

rt hophosphate In a

di pot assi um hydrogen orthophosphate and tri potassium
further adpeia notaiewsddeatiopitalewtabont frioviatds pastalrisationoFurthefmseEr 200 -

it i ! L L4 1Lk which ,jngclud 1k, . | | ci
or "nute! t oo el bRk Rl he iR bibe B Mat et bE S o e um
or the nutghi tbovelb Tbpedding @ chtliag @giht Qnﬂ/b?aﬁ][afi’&ﬁiin@ el?eﬁﬁ'a'tes and
e .

mai ntains the pH so that it lies within a range from6.5 to 7.5, effective
i n stabi | iZHgMAelyithg ssmaulimagsHiBstsareaehedleiunTineanddels effdctivete or

nutrition ] I ing:to e t .nyentiaon do ot, require the
addi tion %reg%)@géﬁﬁkgﬁg%@ﬁ% g‘“%%‘?@r@%l f’{ﬁ’ﬁé'ees? Bﬁﬁﬁﬁaﬂ’&ftﬁﬁpﬁw{‘ri tional

i neral i sstabitiest adth citrateb wpkdeothat thelbifing Sgéhewaifer oAl rhhAgubbmey al s added
to the mlk m%%t tes, in the presence of ortho phosphate, 10 into the

i cel FE pARsreRtiy fFRHISAd Ry th@ration of calchen dramtheopiotzia anicelapendi on in t he
mcell es. QNRE JroLaBinhisPleWd§rfcal ciumor nutritional mneral when added
with chelating agents such as citrates have the opposite effect of

encour agi ngcreabrighinothieg natritimmabminarbis hechnis rldgaessivht tony gsolats biesimgt he
transl ucent, appear gnce of the m | k. Because the orthophosphates encourage
m gration qdﬁpd'n'ﬁ%%n%”@@ﬁ’@gu?tﬁe upper limt to calciumfortified content

in heat stiphl i 152 i ' ures heat
stabl e fori??fﬁeg&j%ﬁsﬁ @gsal\bﬁ%réﬂ#d}%ogﬁ%ﬁgjlen%—éﬁhsggﬁdég:g %@sﬂg&?ﬁ? fﬂ S invention
than B§ t heitoiEssl windrat fatiidd ndlkedhat o aocduffes spiytofahe slefatie dpidusfed he
calciumfortified mlk nay be controlled 20 by the addition of an

appropri ataémﬁfﬁosphate or orthophosphate or m x of phosphates or

or t hophos phalrgfer dbfict X ai® ifentibh SO BradRILERARNGSRIRE Sihbs nhirgibhy al kal i ne,
di sodi um ort hophosphate is slightly al kaline and nonosodi um orthophosphate
is midy fﬁ@ﬁéﬁ*]c‘f@mﬂﬁdif%i||%lﬂi@wdwstthﬂ¥lh@‘h%gg@d)b@awtabﬂit)swhﬁﬂéﬁm@ﬁs'@@d adj ust

the pH w tfy ; of 6.5 to 7.5 using an appropriate food grade 25
al kali or egfg?&é&%ﬁ 'ﬁgg)ilnti ty of alkaline agent added to the cal cium
fortigped mlk is sufficient to cause the pHto fall within the specified

range. OQptinally this is close to pH 7, but adequate heat stability can be
achi eved iBrighgessriptien of the invenfiomet ween 6.5 and 7.5. The amount  of

or t hophosphat e addee&'fﬁQiﬁV‘%ﬁtiﬁﬁ'i&H@Hiéé%é& ohiRd a‘i’gclogery that calcium and/or

nutritional mineral fortified milk can be stabilised by the addition of an effective




30 is largely dependent upon the anobunt of additional cal g to the
mlk and the heat treatnent to be applied. Normally, suffgxwﬂm

ort hophosphate is added to the mlk so that the ratio of added calciumto
added orthophosphate is 1:1 on a nolar basis. Hi gher or Power ratios nmay be
utilised dependi ng on 07 SEP 2004 - _5,the inherent heat stability of the
mlk and the |leyel of calciumfortification. However, the ratio of added
cal ci um t o%BWHEY bR PRGSRBEIHARISh Eh@bies e @tim gnd/penytitianalanigeralsdm 2: 1 to
1:2 on a nRpiigiatd d3bh $he WRRRIrAmeY (A ¥ gﬁ{;‘t f.Qr, ex 400C for 10
mnutes) is @(raqui red. owe[r I E&e?ssgggr% @gegﬁla e %&86@5@?@% @gﬁﬁeato

provi de adeangs eomenb tet7ahpraferahintietwasmspid B3 s10. dhiscigridicbhpast (bebe 72C f or
30 seconds n.a.preferred . formof the invention, 8g of calciumis added
per ki 1 ogr PEROr R RiEingAdRh & SR B tCen R HAAoRR SeiRE 4T ALBION, ho

act ual 9 evebn@dntealopt WiRiagdritane ichsERNBRERS a0 Eilo gk sol i ds
in the m'IIﬁ_ to be 10 fortified. According to tahengthgﬁdag?é (%fg:fﬂ&h . Wil stra -
and R Jenfiggsthemigefles @ﬁéﬁﬁ@ﬁﬁy‘gﬁﬁfeﬂhvg@tfﬁﬁerﬂlﬂhnfnwclréym&ﬂ‘@ons, New Yor k

1984), th i t ! 1] i.ni t0..9.50 solids
s in the Pan el BaRD Reprie M TR hi (b SR BlepeRs Yok ugnt® &'
ki | ogr am othestasedamicallasmmed ni |l k contai ns 92.5g of solids and 1250

ng/litre of valcium_then the required | evel of 15 calcium addition would
be 785ny of cal ci um‘B@[rOLIQIhPUg @Clﬁ@q’tp_ﬂ i detmn sykardertified enillamernBon for
t he otiher Awkind é@@‘b ' ik (S Frl LYEL t [

recomrended (;Ilgdi I|§é1 al IBd\%'%gg‘%L@r""gi%gﬁ gﬂﬂ?ggc%a?\fsﬁ@ dr;lﬁ.{“té ‘E@FF%?%H ron

zi nc and n@Rk ailk fealds aitber mtendathhs adevardge coapan adirediehhi dai | y

Torm of or Eres R LM Al nE " PRI BT A B A R et e Ptk e
dependi ng- itk tpoevdep ratidt fuithe Phrdceesifyl ikclanss bl‘lﬁ:e‘é%?% rPdkd HiPey galry Wien

ot her forns of orthophosRhate are used, the quantify of alkaline agent
requi red wPTQdusEs $Hhas cheese, yigahHr powieredandio seeivantioonmitisher ent i | k

properqtg escogénT@@?@pﬁ&:%g_fﬂﬁﬁ&&gen of cal ci um conpound orthophosphate and

pH adj ust ment™ agen I's'not critical. Although it i1s obviously
easi er to Natriteotl pimshalsssthehthaphtaltilinngedadh, magisiimezipalegi um conpound
and the orthophosghate have been added. The cal cium and/or nutritional

m neral foPENPRBESP | k of the present 30 invention can be pasteurised (eg

72C for 30 seconds) R‘chﬂ{gl%ﬁg‘%bﬁ%ﬁ& ifﬂfe@*ﬁﬁﬂﬁ’{g\ﬁégﬁhﬁr{%%%ggpﬂgns (eg: 90C

for 10 minutes). The Tow o i treat

concent r at proxduaing & cgichgn oo nptriidueenmindril foetifter milkIEAE Bosddahéiugingt tri but es
tom IZ) powder.s. Fgr exanpl e, a high heat treatnent 01 SEP 2004 - 6

i rrprO\? s tHE SKERPSPbi ndi ng capacity, viscosity and gelation characteristics
of the m |k when reconsjy i i f0Gi: | i jons. Low heat

treatnment and high heat%tdﬁ@aggrgﬁ@%w@’ﬁﬁﬁ gaajég%néqtﬁh%(%rﬁg lhat conformto
either a |ow or high heatnmpeditbizcadikon based on the whey protein nitrogen

5 index (WPNI'), the specification used in the international trade for

ski mmed mi |k powders. @dﬁm&?'Ihﬁd@eé@re&wwrﬁ%paw%@nanrmIeréﬁqr@li n use in
the industry, which w 'ﬁin@%?'aﬁ&ﬁig@hgn%g fﬁtﬂO@RFSf&Rﬁ?g%ﬁé}g'wlﬂI@ﬁThmel k- may

be honobgeni sed before or after addition o calciu our ce.
addi ti“dn of an appr opr icagelasi tke ehiqgymarhidsphdtitena mioetdidphogritaigs to the

i1k d mlk mai ' he. i | h f i I
k. A rosul tant i nor VORGAET HioRlat 200 am S el S0 Thett ieo Wi Ehare o

calciumfortified mlkawheyeifront Be5 tcalsci um source can be added to the mlk
prior to heat treatnent and/or pasteurisation w thout the undesirable 15
formation of a milk ProP&EfaTedebppprhaleds ameophosphaie poastophosphads be

honogeni s 3 I ni ' bt be

cati of act o & REeRREBR e STRSRY BE IO A AR BB RRef 8 o
carriad oufisatiimohydrohsh gueephesbhaisown sbaidPoftheplidsphdle,pref erabl y at
specified tines and tenperatures. At high levels of calciumfortification

ul t r a- hi gH"PRARRIRESIUMEEINyHEgayepiEenhapPhate, digsitassigmihydrogen

orthophosphate and tri potassium orthophosphate

In a further aspect, the present invention provides a calcium or




heating . The mlk or toned mlk thus obtained can be enra hed with cal ci um
to a | evel 60% above that of the untreated mlk. 25 In a%hi @@ﬁﬁ&ct of
the invention, there is provided a process for producing a cal cium
fortified mlk or toned m |k powder, the process including the steps of: -
addi ng a soluble calciumand or/ a nutrjtional mneral conpound to a mlKk,
30 - adding either before or after the Calciumand/or nutritional m neral
addi tion a%“@'i“f)@@ltﬁnifte@rf@[iﬁleddﬂ’”éwbmfslﬁhlaﬁss wiilke b sehudi eslciiah ©irum and/ or

nut 1 t§ OnahyBREALor QoMY Sn' dhSulyl§ LARLELRTLAEL! £5 qnd ne nt ai ns the

pH so that It Ties wthin arang

past eur i si the mutritiesalimigetdl do oaib it inthans bfdter midekds and maiﬁ%ﬁ?@ﬂfé ;?llli ng and
dehydr at i ng k%ﬁm | k {to. forma calciumand/or nutritional mneral Tortified
dry milk or® FEHdias VithipRwpsige TEompked tar & effeeiivepiotiebilisipy dhemilkn t he
presents i nd@mid RBal Beaferdiood grade cal ci um source preferably a

wat er - sol ubl e cal cium salt such as cal ci um gl uconate, calciumchloride and

cal ci um hydr oxi de. Thee added calpianh arinugitinabminerabaccoating t dios preente wat er

sol ubl e chioLi . || sed i n foods The orthophosphate

pr ef er abt ylhg%r%ﬁ%;ggéls ﬁ%t ﬁ%"@é&gg r‘%’dﬁWe tSUSReTHED @@@Etﬁkrﬁ%ﬁﬁﬂgﬂi‘%m

di hydr ogencaiciunophdphatritiondi G0k MsBadicacans Qbmmw%iﬁ PR Soulht #R41 um
ort hophosphat e, nonopot assi um di hydrogen ort hophosphat e, di potassium

hydrogen ot €HBGHRISHddeddadhe milkgpicsatesuin hehestnesmfatrtho phosphage,ef er r ed

t hat t Sj ; Jo bl : i ubstances.tg the mlk
i's ortlﬁph@?sﬁ;ﬁg@,mglgmv%ﬁ E@QE:”& B’? ﬁ%ﬁ%ﬁg@%}gﬂ@ﬁqﬁ?%ﬂ%s:%% source
and al kal i micediesatief formg cfgehible talkee 95 auititiohAEmildtal when aggel utilised

in the; proge i referably any. food grade al kaline agent that has a
Im'ni mal gf‘?@&?‘ﬁg%ﬁpaégﬁg %‘,Je/rbf“s \Elﬁﬁ?‘i’s Bqu e Qﬁn%lt'@refﬁeggeaemqu{aginng erred

2l kal i ne agalm igkids ot kRie dRAbs DAOKISRS jn eSS Gl kal | et al

hydr oxi des i ncl ude pot assi um hydr oxi de, oxi de or m xtures
t her eof . AepR&aIRnes of thepniv.e Benausa theeaithopttsbhbissyeralounsge ongrationpr epare a

cal ci f ified. ml k. wherein. the cal ci ce can be added to the mlKk
pri olr&{%:) ﬁégﬁl{ Ier'gﬁ%ﬁlthea%?%rr ! ‘ég‘% 8%‘9\%‘3?5@%%@%0’{ incheat stakdeinilis e
formati on jofaiso iMickdadaigot ei n precipitate 25 The dehydration step can be

carried out using a variety of conventional techniques including spray
drying, roller dryintheapd ringe xédich gnsues hewestable fptifiad ilkinwides a
preferred faor hydration.. . .Spray dryi of the calciumfortified and
concent rat\gﬁd&ﬂlﬁﬁw%&Pgﬁ%%gaﬁﬂ%elslﬁé@E '%‘é#’&ﬁ&ﬁ%‘? é“dthﬁrﬁ?éfa_‘%’ghgl_%‘ﬂﬁf‘%al _
condi t i onsagehfts Shen @blchraftés.tm@?wﬂf'the eareﬂﬁg féﬁ!ﬂﬁid ﬁhﬁ(arhﬁgge'ncﬁn@%ﬁl{eﬁhed W th

cal cium sone 60% above that of the untreate or ton n anot her
aspectOof B¥he 3deiéon pban epprapriate phosphide oaonibbplospifate estmingft o det er ni ne

t he heat RARVIR ' and _consequently the type 07 SEP 2004 _
$_ and qujn[_ | P b'ai(; ; %rhﬁhp%%gghéééef T S*EtTH 'etf'§%‘y'f'ﬂ‘e°'#‘?)¥&&fpﬁia{‘%’.s The first
met hod i's Higimplaykdlimeadodiuen @dﬁbﬁhﬁsmﬁﬂe'm%gh&ly%"lkdﬁﬁb%ddﬁﬂn%ﬁbéoﬁﬂﬁl .
ort hophosphat e and neasure the pH. e pHis within the range of 6. o
t hoph hat d th I'f the pt th th I 6.5t
7.5 no fuﬂfﬁmphéeéph@ﬁﬁ% ip snifswaeidic. | i ix aleo within the snopsi aféhisiaventongie t he pH
may be adjust the pH within the range of 6.5 to 7.5 using an appropriate food grade
25  alkali or acid. The quantity of alkaline agent added to the calcium foriified milk
is sufficient to cause the pH to fall within the specified range. Optimally this is
close to pH 7, but adequate heat stability can be achieved if the pH lies in a

range between 6.5 and 7.5.
The amount of orthophosphate added to the calcium fortified milk
30 s largely dependent upon the amount of additional calcium added to the milk
and the heat treatment to be applied. Normally, sufficient orthophosphate is
added to the milk so that the ratio of added calcium to added orthophosphate
is 1:1 on a molar basis. Higher or lower ratios may be utilised depending on




5 adjusted or the m x of ortho phosphates changed to bring the pH wthin
the desired range of 6.5 to 7.5. Detail ed Description of gt'ye M]on in
order to denonstrate the present invention, a nunber of 1 exrgpl ts were
conducted by the present inventors. The experinents investigated a process
of producing calciumfortified mlk or toned mlk and further to this the
production of calciumfortified mlk a@ané~toned milk dry powder. 15 Exanpl el

The use_of the inhagmt dkapbesiliabethe @ik baahrs phal e csmﬁhﬁp ib&;
tripol yphosphat e% ol yphosphate) for stabilising Ca forti m | ks was
exam ned. %EE’F?"% thq&aito phgdéediraichim F@a@%@@ﬁh@lﬁh@ﬁmﬁ@\n@u&bﬂmmw@ used to

(10% 20" mi 1 o PR 138 AP 2R R R s PR A ioBT B beE e idhent | ng
at g0 C foexa_ropmeCnme 1@frhﬁfmte$jftsaeiqiﬂnbcblllcﬁ\ﬂérae@éié df pRgeshaBahay Baosphat es
pol yphasph to stabilise Ca fortified mlks, are
i ncl udgststl f%]ﬁF‘E?c‘%rrggI Pf""é‘i}e aﬁ‘?qld\%t? %ls{@fq%é‘&yfjﬁg?r eRstpHERAtiRCansiigs (@ﬁhosphat e
have a tend2rTiort3n sedesris?d the mlk to lose its Wiiteness (before

2

heating)~ and it may take on a undesirable greenish - yellow sh hue. Table
1: Use of different BaiPtefousdfiom of this inventian, ﬁ@o@‘n@ﬂammtle@ddkdmam | ks (10%

Ki | k nd ted

i 1 vl e M s e g Bk B0 B S wEREY Il
Super nat armfalalqzlum gddifton $edépayidarit ior) thEaévaYLl Rkl dolia€ln thelmildE pe004 _ 9_
Contral 10% m | k solids) w thout added Ca at the natural pH

k
10% 1% s ?o.%i%c} vo'i\ ¢prdada hﬁSﬁnC@mt@m Rop¥aistmand R. Keroask 2 Briy

11 ol yphoo Rt e I pLEy o 2B AL 5. B850 M bAoA e R a0
07.001. 12. mamlmnmdmnbcpwﬁammwamgm’mwdg) 1919 tHing@26%2600. 15%
Pol yphosph 7.012. 45 42580247010mM

Na3citrat eﬁ(gb@ggg'? 05h8 REABPIEr Atkdipgrsm o8standaabekinroed milki n t hese
t dj t
the pH of Tes OPEﬂ?H?é Fo50 PhdRfe BYBAEMRy, BTt RAMREELS i) 1o
remai rfhf5ng tiaicmhea@djbem maILéd]bed’me@bfecblomh’;(peff kit rém;/mflrﬁ:u«s]pﬂe@l Chat
centrifugati injndicatjon of calciumthat is
not pr ec?rﬁ' Fg‘?%%“lﬁ*ye? ﬂ@&hgg?@r eo?iB%re%‘émt‘ﬁnfﬂ raineeals &t intendaddedielivar - not
appl i cabl ehBrasEheIR réc%rﬁﬁ@n@elaeo?w&\éﬁlo%ﬁcéhéggb%% dﬂﬂﬁ@ i LgRlosphat es

on heat stability of Ca fortif ks w C|um When no
or t hophos gHtiEorn gnaddednasganess these(@ro¥eny stal anialsits \wtripar?éHTM thedend

calciumfao heat i at 90 Cfor 10 mn. Mlks with a 1 to
1 ol ar rac{eﬂ&%gﬁ&i%g%g s(ﬁrtcg[oé%@@ B9PRAAtE-are stable from ~pH 6.4 to pH
7.8. By altering thanibhdsadds ¢ReadREdolblt form Y
orthophosphate the pH may be adjusted w tr |n0{ ?Pgﬁﬁggﬂg%hﬂ%ﬁgagﬁéwthout
the use ofthaddwlinRagant may not be required depernding on the condition of the milk

and the season of the year. When other forms of orthophosphate are used,

the quantity of alkaline agent required will be higher, but again it will also

depend on inherent milk properties.

25 The order of addition of calcium compound orthophosphate and
pH adjustment agent to the milk is not critical. Aithough it is obviously easier to
correctly ad}ust the pH, if needed, after the calcium compound and the
orthophosphate have been added.

The calcium and/or nutritional mineral fortified milk of the present

30  invention can be pasteurised (eg 72°C for 30 seconds) or heat treated at a
range of other conditions (eg: 90°C for 10 minutes). The low or high heat
treatment of milk prior to concentration and drying to produce milk powder

‘imparts specific attributes to mitk powders. For example, a high heat ireatment



O 7 SEP 2004 - 10 Table 2 : Heat stability- pH profile fogmp)mqied
skimmlks (10 % m |k solids containing 20 nM added cal ci a sed

wi t h added orthophosphates Type of added phosphat eBefore heat After heat 90
C1/ Om nAdded K3P04Added KZH PO4Added KHz PO4pHFree Cal ci um mwi scosity
(cPoi se) Sedi ment (m/50nmL mlKk)--6.1913. 1reci itatednd20

mvt - 7. 670. 552. 80. 120 mvt - 7. 610. 773. 20-320 nvt - 7. 560. 642. 60. 220

7. 101, §330c 50 ERgrtindpl aRast viesll ehl cltengess ety me

mvt 6. 751. 982.mikk 2Benivi:2ondiiBtedi3hagbrOsdatifitMhlichidnd 220w 22a50. 2- 20

mvt 6. 413. 364,20 1- 16 V4 . 284. 167,00, 5- 12 . 145, 33reci hat ednd- 8
mML2 VB, o?%?tg‘fﬁ‘i&“gi'?‘%ﬁ' @%gﬁaﬁ%‘é VipmT .%@H@%FW £5% b goniorm.to] - |20 mv
115.79 ~9 citheppriooi @i highetbat spaéificition BRRT o RROWALY BRtERMMitbEEN 2
Brookfield LVDI-il visconeter fitted with a UL adap¥or (equivalent to 36.7

s ~) 2-Det!BFRXRABE NS 10 shesTerticrgpad i theoinigrmatipria tleewi fagsidemeed milkat i on

of a 50 é@algryse dr ; . 0 . m 10

m nut es gtﬁu va e'ntA F@H@ggxoé%}%gnﬁlbés({&%gmpg%gg%% @%FH@@@S@EWI es was
adj ust ed byhichevitddhiciverthefsaNaOA/ PN} speatificdigibas.ni ned Exanple 3 15 Table 3
shows the effects of.added tripolyphosphate on heat_stability of Ca
fortified nilks vvithT%"H%’lrﬁﬁﬂgﬁ nemogesed E%@F&)Pééﬂ%remﬂw gf they hat

tripol yphasptiakesdscgef fective in stabilising Ca fortified mlks over a w de

range of pH when the correct ratio of added Ca : added tripol yphosphate is
used. Wi sual exani nath®additionisé ani agksopiiate ndddgyragheshbhptessphat e i ndi cat ed

that 20 t | L,oped. desirabl e trans .07 SEP 2004
irabl e DTobBet Bl AR MR SRR 35t PRERYsaman s ( 10 %
m | k sol i dhatohe@ivaintionalmimk! addeditsa iﬁiﬁ#@i}egtg@ﬁltiﬁiﬁéiaﬂgta%'ilg?ﬁhd@@%Ehate at

three concentrations Before heat After heat ¢/ 10m nAdded” Sodi um
Tr i pol yphdeptigpareasrbiwptiprtdied caillc whargintho/calciom sgurcearaoi sepSeed hent

| 50 : i itatedndd mVb. 146. 38>20nd4. VB: 39* 4. 967. 4144
§r1nvg. 65+ 3? gﬁ? ﬁ%?eﬁ&fnﬁ%éﬂ%%i%a‘i@%nga%g%w?@@ %’85%} fﬁﬁv{’lﬁ%ﬁﬁaﬁ'%z. 30. 14
MW7, 22%1. §BAn5G0R 4 EVTIIBATctein Zegig;tg@_ mVB. 292. 472. 60. 98 nVB. 56* 1. 762. 60. 58

mVB. 69* 1. 532. 70. 28 n\Vb. 84* 1. 2 .28 m\r. 08*0. 932. 70. 18 mW7. 17*0. 852. 80. 28
mV7. 36* 0. 712. 90. 18 niVie Bik@rigned milkrpayds lwmogenisery Anycanvmonty* 12. 60. 212

mvb. 88* 0. * 0. : * 4 4 .

T 540, S3ugloy e hoRachis i i dngodbe SldalttldiotbRdiame i ned a
30 rpm wi tpreaedrioviliel.d LVDT-11 visconeter fitted with a UL adaptor
(equivalent to 36.7 vol une, of sedi nent obt ai ned

t) 2.Deternined. a ]
foll owi ng centri fuga—ﬁ?eohe%tﬂn%s@ﬁ IFCagigH,Pd L{SB&@?HH[C{}’G&\T@'L@HW'F fluge, JA4.2

r of or 580 ) i = 1 I *. The pH of
thesegganglhggmﬁé %‘&ﬁrﬂgl’&?g Ség?cqﬁﬁg tﬁaﬁgédéf i%&é}g?%' %‘t@dw%ggpsdoeft erm ned

- Exanpl e 4 chiciamblodificadiboustraihigefeheptratuobs acsl gengratip pboepipddyedofar heat
stability of Ca fortified mlks with 20 nM added Ca. Pyrophosphates are
less ef f edi§aB%in '

The milk or foned milk thus obtained can be enriched with

calcium to a level 60% above that of the untreated mitk.

25 in a third aspect of the invention, there is provided a process for
producing a calcium fortified milk or foned milk powder, the process including
the steps of:

- adding ‘a sofuble calcium and o1/ a nutritional mineral compound’
to a milk,

30 - adding either before or after the calcium and/or nutritional

mineral addition an effective amount of a phosphate which
enables calcium and/or nutritional mineral to migrate info the

protein micelles and maintains the pH so that it lies within a range




07 SEP 2004 - 12 providing heat stability and they al so cause an _increase
in the viscosity of the calciumfortified mlks, both bef or & 7aSEP. r
heating. At |ower pH values, gels formin Ca fortified mlks with added
pyrophosphat e before heating. Qher studies have previously shown that

pyr ophosphat es I ncrease the viscosity of 5 mlk. Vujicic L, deMan J.M, and
Woodr ow LL "interaction of Pol yphosphdtes and Citrates with Skim m |k
Proteins.'; Can. Insg g((il:a Teehnol . J. 7 77 (7968) Table 4 : Heat
stability- pH proflle Tor fortified skimmlks (10 % m |k solids

contai ni ng 20 mM addephstalitsingipr beatirg thengalpivmofhifephatie, @id t wo

concentrations mlk soli d Sodi Pyr ophosphat e
NaaPzOBef ore heat pH FHEE" E%?P@)&e@agatﬂ&tbﬁm‘m(@ﬁ@%@)%'@'Em Aeer 90

¢/ 10mi n Viscosity' SeeffGml minkfrehsi8dd Ggﬁhﬁ?%‘r}%’@s @1% O%g.ndrem
i tat ednd10% 10%(1r m 4 niVb. 19 6. 447. 37 1nd ndn

V6. 574. 57Hi caleiumn gompavsdesnplozad m e reseat nmtmsmyd@od@,rﬁd@%l

503 S A PR, U D0 R 11

m\VB. 75* ndeginden&e0wlaitin G1l@Tdaaid ZRICRIM by bR, THE. aTinsHal inBal 3078
mW7. 21*nd4, 14. 51. m\V7. 49* nd3. 74. 00. 11098 m\B. 09* nd3. 23. 80. 3 10
Det er mi neosaitts s 38?)9711 @Waﬁleé’f’%k’??l@'g@ ¢Ngsidas onsalisoitady UsediR®dHWS h a UL

adapt or eqphe 8HBEphéshiife préfetadiph prﬂglé%qnﬁ%g% @jgnﬁéﬂcen bt ai ”324 5

followi.ng centrifugation of a 50 uge,
r ot or 10800Mppasodionmmdihydesgen certhsnphasphratet dxsm&uﬁwmgéﬁ cmhwhesa)héteThe pH

O et et o B ML Bt i Bheh eanbrsP i sy o
dipotassium hydrogen orthophosphate and tri potassium orthophosphate.
) It is preferred that the sequence of addition of the above-
| mentioned substances to the milk is orthophosphate, followed by calcium
15  and/or nutritional mineral source and alkaline or acidifying agent if necessary.
The alkaline agent utilised in the process is preferably any food
grade alkaline agent that has a minimal effect on the taste, or smell of the milk
or toned milk. Preferred alkaline agents include alkali metal hydroxides.
Preferred alkali metal hydroxides include potassium hydroxide, sodium
20  hydroxide or mixtures thereof.
A resultant improvement in heat stability allows one to prepare a
calcium-fortified milk wherein the calcium source can be added to the milk prior
to heat treatment and/or pasteurisation without the undesirable formation of a
milk protein precipitate. |
25 The dehydration step can be carried out using a variety of
conventional techniques including spray drying, roller drying and freeze drying,
however, spray drying is a preferred means for dehydration. Spray drying of
the calcium fortified and concentrated milk or toned milk can be conducted
under conventional conditions.
30 The milk or toned milk powder thus obtained is enriched with
calcium some 60% above that of the untreated milk or toned milk,
In another aspect of this invention there is provided a method of

testing to determine the heat sensitivity of the milk and consequently the type




20 Exanpl es 5-10 bel ow. The characteristics of the pomderﬁ\/-/a% he heat
stability of mlks reconstituted fromthese powders are ¢ 20 e 5.

0 7 SEP 2004 Exanple 5: Production of |ow heat skimm |k powder containing
approxi mately 8g added cal ci um per kg final powder (1:1 nolar ratio of
calciumchloride to tripotassi umorthophosphate) 5 Sol utions of cal cium
chloride (9.515 kg of 0.2 nole | kg Ga@-2 solution) and tripotassium
OrthODhOSp&@aguéﬁh@b@ phosPhald rectBliag i dSRItoRAEL ML) were m xed with
sklmmlki contalnlng % mlk solids non-fat). To this

m xture h%@&ﬁédn@h@dzls Ry & @ %Bmmdemmsbamounmf(dalmmaltm) The

past ouri el Tito porERd A frodBied il 0 ol iy Elhg bl DT B 162 K1 ng a

doubl e ef fesfurtredr datignfis heeesdpdihat s 88 dutide thdt fande M PHFhayBein a Niro
Producti on M nor . Production of high heat skimmlk powder

5 EX | :
cont ai M nga%iHﬁﬁegﬁrrféFéT‘V%%@Hﬁ@s@ﬁﬁtﬁsm%@?dIi@ bfipgdhe pblwahinthe 1 nol ar

rati o of calgiddmanabUiieds 1d ri potassi um orthophosphate) Sol utions of
cal cium chl ori de g 515 ﬁt ng,to 2 nole | kg Cadl 2 solution) and 20

tripotassium orthophosphate (9. 515 kg of 0.2 nole / kg K3P04 solution) were
m xed wt 1 K coptaining 8.9 % mlk solids non-fat). To
this m xt l??%ﬂ/\@&éﬁ%’gpg Zf’%tbnﬁ lﬁw ¥hi oric acid solution (1 nole | kg ).
The pH of the final miother® d@ﬁoﬂstaatem@{aﬁa,efr@m\)efn'usﬁ AnbipErgFur e was
heated at 90 C for 10 min, concentrated to --45 %total solids using a

doubl & 0ef f@gIer mmtrswgerﬁqumdgsteé\kafpf@ﬁazresemndvmto@d The e%pE%ﬂﬁmtst ure in a

Contal ni ng bR a e RTB fatcbhRek il g A BheRduR fe T Molar

ratio of cfartbietto tid e ﬁu@dh@t;é@ﬁﬂ@él@ﬂumcﬁiiﬂkﬂml%rrhd%h@@ﬂﬂlksd}gat e)
Sol utions of cal ciumchloride (9.510 kg of 0.2 nole ! kg Cad 2 sol ution)

ahd 30 trlbeW 8si um ort hophosphate (9.510 kg of a solution containing 0.2
nol e NaH2POQ and 0.32 nmole KOH / kg) were mxed with skimmlk (100 kg m |k
containing 8.9 % mlk solids non-tat). To this m xture was added 0.6 kg

pot asSisum Byamptétle solution (1.0 nole / kg ). The pH of the final mxture

was 07 P 2004 _- 14 7. fortified mlk mxture was pastuerised
at 72 C fot"BH%E& af@BH%@gPPQ%@%P?a%(QJﬂBDﬂ%QSBMi@ PY[IRNPSPERIey a doubl e

effect fal a aNro
Product i Onﬂnﬁﬁﬁgﬁnbkgﬁ %aﬁppghgép@g)dﬂ)&? If‘a(‘)ﬂ)rllﬂs@?g E%foéﬁ[{%g fvr\{?ér:‘l | K powder
cont ai ni ngexgipinexdi reack of tBasatdea chﬁémgmffaﬁrorkgnlklamdlcqmnnll\uemsédi td nol ar

ol ut 1 ons SPBUSE LTk B (RS Sabiency. obbon HHelierds. RETRR (6otut i on)
10 Nart P04 B PO AR &) ot it 3 o R G e A g ik
for 10 min. The effect of added citrate and longer chain phosphates (
polyphosphate), which is commonly used to stabilise Ca fortified milks, are
included for comparison.
It was observed that citrate and the polyphosphate have a tendency fo cause
25  the milk to lose its whiteness (before heating) and it may take on a undesirable

greenish - yellowish hue.

Table 1: Use of different additives for stabilising reconstituted skim mitks (10%
skim milk solids) with added ~20mM added Ca under selected conditions.

30
Additive Before heat After heat {90°C/10 min)
pH Free Ca | Viscosity | Total Ca Supernatant
activity {cPoise} | (mg/litre) Ca

(mM) (mg/litre)




containing 8.9 % mlk solids non-fat). To this m xture 6

pot assi um hydr oxi de solution (1.0 nole | kg). The pH ofwﬁ?]eaSﬁeiﬂ&ﬂ xture
was | 7.0. The Ca fortified mlk mxture was heated at 90 C for 10 mn,
concentrated to ~45 %total solids using a double effect falling film

evaporator 15 and dried to ~4 % noisture in a Niro Production M nor.
Exanpl e 9: Production of tow heat fuld-ccteam m |k powder cont ai ni ng

appr oxi mat el y, d tio of

cal ci um chl or?g&r@oqﬁgﬁgg‘f)g W”@ﬁ%@%@‘é&&ﬁ%ﬁﬂ%géﬁiﬁ%ﬁ “9 *ﬁt. ons of

calciu : ufi g and _nonosodi um
RS DA nnmm ini #5002 | -

di hydr ogef—oerthophos m € ntla . nol e

NatRPO4 and 0. 32 ol 3edl }’&@9%@”33%@?@&"’%%@?%@? atPElRih m 1 k (100 kg milk

cont ai Ni-Rg-8-9 % mlk solids non-fat and 4 %fat) The pH of the final

i xturezﬁé% thephosiphates f ora 9% | ed AP | k| mi %eur e we29pastt eur?28d at| 72 C for
RQuoiXk o

*x

30 25 s¢ +at-ed—+¢—45%t-of-al-{ soli-ds-Usi-ng—a ct falling
filmevi el CIITICU t 06 pi-site—+h—paN+o-Hroduction—N nor.
Exanpl ewp% oaﬁjctl on of 7U12h heng‘Hf ul I -gr earr mi I powder ‘Cont aini ng
appr oxi | Tef y 87 aduedcafTi Ty PeET 'ch rat—powder—¢—i-t-motar—rati o of 30
cal ci um| @pbl og&]afgonos ai gy di- prggiT ogen oo thoptegsyph rons of

cal ci umirirapipde (13.89 kg of 0.2 nolejl kg Call z sol ution) and npnosodi um
di hydro optiyopsosghat e | (A& 89 afi a ol ufa on| coiaa N ng £228 nolle NaH2P04

and 0. 3gNatOKOH / kg) wene mxed withjfull-creamm | ki (100 07 |SEP 2004 -
15 kg milRMdopdwhesphates. QL%@fh |k 864ids née-faf 2604 % fazde0 The pH of the
final mesBohas 6.9, The Ca fortifief mlk nmjxture was heated at 90 C for
10 m n, s =45 % {otal solids usihg a doupl ff falling
film ev<9g§/‘a'?%fph%a*8ri ed|tidP~4 9%BADIi sfur@4n a N5B® Frodu?4’Pon M nor. 5
Tabl e bﬁ_al@é};hgt_eﬂrl sticslof ml ks obthined_-onlreconstitution of ICa

; 1 fi1 ead '\mnrj rc at (ol mlke-10 04 fllll Nald ammll{q 12 504t ot
D 50 i O A M 2 W Do A -t
CaVi scoiml agelttate oy or L RO]=TBE ) 20 2000 2120
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cont ai ni ng4. WQQ@% éﬂm@r,ﬁmgﬁt@hy 8g added cal ci um per kg final powder
(1:1 nolar ratio of calciumchloride toripotassi um orthophosphate)H gh heat

skim m | k sbwiefdeiefniiedi ng7. 021252. 32. lapproxi mat el y 8g added cal ci um per
kg final powder ( 1:1 nolar ratio of calciumchloride toripotassium

ort hophosphat e) Low heat skimmnilk powder
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cont ai ni ng6. 622103 54. 4approxi mately 8g added cal ci um per kg fi nal powder (
1:1 nolar ratio of cal ciumchloride tononosodi um di hydrogen '

grt hophosphat eHi gh heat full-cream m |k powder

cont ai ni ”qg(eﬁﬁéfés . 52. bapproxi mately 8g added cal ci um per kg final powder (
171 rnol ar rati cal cium chl ori de tononosodi um di hydr ogen
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re stable to heat processing at 90C for 10
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Example 3 .
Table 3 shows the effects of added tripolyphosphate on heat stability of Ca

fortified milks with 20 mM added Ca. These examples demonstrate that

15

tripolyphosphate is effective in stabilising Ca fortified milks over a wide range
of pH when the correct ratio of added Ca : added tripolyphosphate is used.
Visual examination of the milks with added tripolyphosphate indicated that

20 these milks developed an undesirable translucency



2 0 cal cium caused a consi derable reduction in the proporti of calciumin
the serum phase. Wen | onger chain forns of phosphate; pyr@%oﬁa&ﬁ‘nm
(PzO~), tripolyphosphate (P30~0) or Calgon T (P"Q8n,1 n= 10-12) were added
in combination with calciumchloride there was al so a reduction in the
proportion of the calciumin the serum phase but to a | esser extent than
that occurring 25 with orthophosphate.jithe addition of citrate caused a

maj or i ncr. i.nthe ortion.of . calciumin the ser raction

i ncr easi ngﬁﬁgt?’ o] %}eStgh@ﬁ"to\H B’@ﬂf%fé‘[r%sae%é’ﬁtﬁqﬁ{]ﬁf'?"ﬁ@ﬁk%ﬁgd%@ﬁ}éﬁoifﬁ51 k or

m |k wi th c28dhiadEXindakdisdcaldiuhy ednthingiy BlpoRphbephate A th@eP 2004 -1 aThe
control (unadj ust ectrtl{g m | k denonstrates that the normal protein
concent r attPPHREHAYNS i | k serum was about one fifth of the protein '
concentration of the unfractionated mik. The majority of the serum
proteins are the "whey" proteins but a small proportion are serum caseins
whi ch occur 5 in equililbri umBaford t he [1)1 cel | a&ftedmsei ns. The addition of

cal ci um al 0r . C fum andheftt ho- phpsphatd8 *€d0mine ni | k caused a

reduction|i | %ncegn%;ra?i op Wecoghiot piSedimenthe mi Ik serum

i mpl yi ng { hai fum ortho hat and protein mgrate together
into the Tih@‘ s¢. Additi on(mo pyrg‘?P;S’ESquéP‘@%RQQ n simlar effect to
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Use of fortified mlk powders and mlk concentrates in pilot scale
production of Ice Creamice creans were nanufactured at a pilot scale to
investigate the suitability of using calciumfortified ml|k powder with 8g
added calcium/kg fortified solids or calciumfortified m |k concentrates
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The method for production of selected Ca fortified powders are given in

. Examples 5-10 below. The characteristics of the powders and the heat

stability of milks reconstituted from these powders are given in Table 5.
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Example 10: Production of high heat full-cream milk powder' containing
approximately 8g added calcium per kg final powder ( 1:1 molar ratio of

- 30 calcium chloride to monosodium dihydrogen orthophosphate)
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Low heat full-cream milk powder containing 6.6 2210 3.5 4.4
approximately 8g added calcium per kg final
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All mitks made by reconstituting the milk powders produced in examples 5 to
10 were stable to heat processing at 90°C for 10 minutes.
10 Example 11
The addition of magnesium to mifk is iflustrated in table 8. 20mM magnesium
was added with orthophosphates. When no orthophosphate is added, skim
milks (10% milk solids) with 20mM added ma’gnesium form a precipitate on
heating at 90 °C for 10 min. The non fat milk spiids in all of the compositions
was 10%. ' |
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~10%t8: () “(70;0H0%%d Min@iBs). The calcium and protein concentrations of each of the
) 10 milks and their serum fractions were analysed. The types of protein present in
the serum fractions of the skim milk and mineral adjusted skim milk were
determined by capillary electrophoresis. The results of experiments are shown
in table 8.
Distribution of Calcium
15  The control (unadjusted) skim milk demonstrates that the calcium
- concentration of the supernatant (serum) phase of the mitk was of the order of
one quarter of the concentration in the un-fractionated milk. The addition of
calcium alone to the milk, caused little change in the proportion of the calcium
in the serum phase. The addition of prthophosphate (PO,*) in association with
20  calcium caused a considerable réduction in the proportion of calcium in the
serum phase. When longer chain forms of phosphate; pyrophosphate (P20s),
tripolyphosphate (P3010) or Calgon T (PnOznsq n= 10~12) were added in
combination with calcium chioride there was also a reduction in the proportion
of the calcium in the serum phase but to a lesser extent than that occurring
25 with orthophosphate. The addition of citrate caused a major increase in the
proportion of calcium in the serum fraction increasing i to more than twice that
seen in eithel‘r unadjusted milk or milkk with 20mM added calcium.

Distribution of protein
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concentration of the unfractionated mitk. The majority of the serum proteins
are the "whey" proteins.but a small proportion are serum caseins which ocour
5  in equilibrium with the micellar caseins. The addition of calcium alone, or
calcium and ortho-phosphate to the milk caused a reduction in the relative
concentration of protein in the milk serum, implying that the calcium, ortho-
phosphate, and protein migrate together into the micellar phase. Addition of
pyro-phosphate has a similar effect to the addition of ortho-phosphate, while
10 tripoly-phosphate and citrate cause an increase in the proportion of protein
found in the serum. Calgon T has an effect intermediate between ortho-
phosphate and citrate. |

Distribution of protein types

15  Analysis of the contro! (unadjusted) milk and the serum phases of the control
and adjusted milks demonstrated little change in the levels of the two major
whey proteins B lactoglobulin and a-lactalbumin with any of the treatments.
This indicates that these proteins, which form the majority of the serum
proteins, are- not involved in the mineral induced re-distribution betweén serum

20 and micellar phases. Considerable changes were observed in the distribution
of caseins. In general the patterns shown foilow the changes observed in the
analysis of protein nitrogen. Adding calcium causes a reduction in the

7. supernatant casein concentration compared to the supernatant from un-

modified skim milk. This is also observed when orthophosphate or

25  pyrophosphate are added together with the calcium. The addition of
tripolyphosphate, or citrate with calcium cause an increase in the levels of the
caseins in the serum phase to varying degrees. Calgon T has an effect
intermediate between ortho-phosphate and citrate.

30 The patterns shown here demonstrate that there are clearly identifiable
differences in the effect that a number of different calcium complexing agents
have on the distributions of protein and calcium between the serum and

micellar phases of skim milk. The preferred ingredient for our process,
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~10%#& () - suchl @& #kreke or pohPsfEphhte #fough an evaluation of the protein contents
of the supernatant phases. Citrate also causes a markedly different
distribution of calcium. Of the fwo other forms of phosphate tested,
5  tripolyphosphate shows considerable differences in the protein distribution,
while although pyrophosphate is not easily distinguished by these methods
ather tests have shown that it is less effective in providing stabilisation.

Table 8 Levels of caicium and protein in complete and serum fractions of
10 control milk (unadjusted) or mineral adjusted skim milks:

Calcium Protein
trial total totat

solution | supernatant relative solution | superatant relative

mg/liire mgilitre concentration % % concentration
Control milk 1 1240 307 24.8% 3.16 0.68 21.6%
2 1230 326 26.5% 3.11 0.66 21.2%
Milk+ 1 2085 496 23.8% 311 0.52 16.8%
20mM CaCl, 2 2205 602 27.3% 3.55 0.57 16.0%
Milk+ 20mM CaCl, 1 2123 264 12.4% 3.22 0.57 17.8%
+20mM orthophosphate | 2 2063 310 15.0% 3.1 0.53 17.1%
Milk+20mM CaCl, 1 2058 365 17.7% 3.09 0.58 18.8%
+4mM pyrophosphate 2 2068 484 23.4% 2.87 0.52 18.2%
Mific+20mM CaCl, 1 2068 3562 17.0% 3.09 1.01 32.9%
+8mM fripolyphosphate 2 2088 389 18.6% 3.20 0.80 24.9%
Milk+20mi CaCl, 1 2223 367 16.5% 3.36 0.69 20.5%
+0.15% Calgon T 2 2078 471 22.6% 3.19 0.54 17.0%
Milk+20mM CaCl, 1 | 2098 1325 63.2% 3.16 0.82 25.9%
+20mM Citrate 2 12020 1151 57.0% 2.94 0.74 25.2%

Relative concentrations are calculated as 100x% concentration in supernatant /
concentration in total solution.

15 Example 14 Use of fortified milk powders and milk concentrates in pilot scale
production of Ice Cream

lce creams were manufactured at a pilot scale to investigate the suitability of

using calcium fortified milk powder with 8¢ added calcium /kg fortified soiids or

caicium fortified milk concentrates manufactured as described in Example 9 as
20  ingredients. Control ice creams were produced using a non-fortified milk

powder or concentrate manufactured at the same fime as a control. Milk solids
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Formulation ) :
5 The compositions of the ice cream pre-mixes used were: Milk-solids-not-fat

11.00%, Milk fat 11.00%, Sucrose 14.00%, Guar Gum 0.1% Carboxymethyl
cellulose (CMC) 0.1%, and Glycerol monostearate (GMS) 0.2%, Vanilla flavour

0.35%. The remainder of the formulation comprised of water

10 Production of ice cream
The ice cream mixes were prepared by combining the milk concentrates
(obtained either directly from the plant or by reconstituting milk powder) with a
Voo blend of sugar, Guar Gum, and CMC in water then adding an emulsifier-cream
mix of GMS in cream. The complete mix was then homogenised (40°C,

15 2500psi first stage 500 psi second stage) and pasteurised (80°C, 30 seconds)
using a tubular heat exchanger. The appropriate amount of vanilla flavouring
was then added. This mix was then "aged" at 4°C for 24 hours. The aged ice
cream mix was frozen using a GELMAK 160 continuous ice cream freezer.
The machine was operated to give a temperature at the outlet of -5°C.

20~ Following freezing samples were stored at -30°C for hardening (24 hours) then
transferred to -20°C for storage.

Analysis
Analysis of the ice cream took place seven days after freezing.
25  Meltdown
Meltdown tests samples were performed on samples filled directly from the ice-
cream freezer into specially prepared two-piece cylindrical plastic moulds. The
samples were hardened as described above then equilibrated at -20°C before
| testing. Samples were removed from the moulds and placed on a stainless-
30  steel mesh screen (3mm mesh) and the mass of the melted portion passing
through the screen was recorded at 15 minute intervals for up to two hours.
Ice creams made with either the fortified or non-fortified milk powders melted at
about the same rate and melted completely within 105 minutes. Where
concentrates were used, the melting rates were different with the calcium
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mm was recorded. Where Tortified or non-fortified milk powders were used
10 no significant differences could be identified between the conirol and calcium
fortified samp_les. With concentrates control (unfortified) ice cream was slightly

firmer.

Sensory testing _

15 Informal sensory testing was conducted by giving coded samples to individuals
and eliciting spontaneous impressions. Little difference in flavour could be
found between the two products.

This work demonstrates that the milk powders or concentrates with enhanced
20 levels of calcium, produced by the process as claimed in claim 1, may be used
to produce calcium fortified ice-cream which has generally similar physical
 characteristics to non-fortified ice cream. The fortified ice cream has minimal
flavour differences compared to the non-fortified ice-cream.

25 Example 15 Use of fortified milk powders (8g added calcium / kg fortified
solids) in UHT applications.

Milk based beverages were prepared using calcium fortified milk powders with
89 added calcium /kg fortified solids produced as described in Example 9 as
the source of mik solids. The pH of the samples was further adjusted through
30  the use of Sodium hydroxide. They were processed in model UHT equipment
giving a heat treatment of 140°C for three seconds. The viscosity of the
sampies was determined after heating. This demonstrates the potential for
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of its effects on the dynamic equilibria between Ca, phosphate and the casein
micelle. In milk, addition of orthophosphates reduces Ca activity as well as

15  impacts on the composition of the casein miceile. Whilst orthophosphate and
other agents such as polyphosphate and citrate can be used to improve the
heat stability of other proteins such as soy proteins that are sensitive to heat,
the action in systems other than milk is mainly due to the lowering of the Ca
activity. This reduces the sensitivity of the proteins to heat aggregation.

20 Heat stability of Ca fortified milk with up fo 25 mM added Ca has been
successfully achieved with judicious addition of orthophosphate and pH contro
A 1:1 molar ratio of added Ca:added orthophosphate has generally been used
to achieve heat stability in Ca fortified mitks. Lower ratios may be used but this
decreased the range of pH over which the Ca fortified milks are heat stable.

25 By selecting suitable combinations of added orthophosphates, the viscosity of
the heated solution should be iow, and preferably less than about 3 cPoise and
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or more water soluble compounds of magnesium, iron, zinc and manganese.

5. A fortified milk powder produced by the process of claim 3.




