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AND / OR STABI LI TY PROPERTI ES OF PROTEI N - CONTAI NI NG

WO R@DSIAl s GELS FIELD OF | NVENTI ON The pr eBETNZ2004/000072
i nvention describes nethods of enhancing clarity
properties of protein- containing |liquids and gels.
BACKGROUND There has been an increased demand for
"of f the shelf' products which provide a consuner
with instantly accessible nutrients. Exanples of such
products are energy bars and fortified sports drinks.
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gres%iuf)ﬁ'lpsl, Gnd ﬁayi f;@&&\(’ﬁe, taE&egate and sediment in the liquid. This may cause a
deterioration of commercially-desirable characteristics of certain liquid products, such as
mouthfeel, appearance or flavour. This may be manifested as either a loss in a desired
clarity in which the liquid is rendered cloudy or opaque, or a loss in desired stability in
which material precipitates or aggregates to an extent sufficient to form visible sediment.
it is also known in the art that the heating of or the presence of multivalent metal cations
or their compounds in protein-containing liquids may initiate or exacerbate the processes

leading to loss of clarity or stability.

In particular, as regulations often require that certain beverages undergo a heat treatment,
the inability to deliver or maintain the desired characteristics of the beverage may further
require compromises in beverage composition. It would be desirable to improve the

properties of such beverages or reduce the limitations on their composition.



properties of such beverages or reduce the limtations
on their conposition. 1 WO 2004/091309
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to provide an inproved or alternative nethod of
enhancing clarity and / or stability properties of a
liquid or gel, said liquid or gel containing an
anmount of protein. SUVMARY OF | NVENTION I n one aspect,
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The protein in the liquid or gel may be hydrolysed, non hydrolysed protein, or a

combination of hydrolysed and non-hydrolysed protein.

Preferably the pH of the liquid or gel is less than about 4.5. More preferably the pH is

between 3.5 and 4.2.
Alternatively the pH may greater than about 6.0, preferably between 6.0 and 6.8.
The protein may be present in the liquid or gel at a concentration of less than about 40%

w/w, and preferably less than about 28% w/w. Protein concentrations of less than about

10% w/w are also envisaged.



500MPa, nost preferably at 580wa, 700MPa, SOOMPa or
hi gher. I n one enbodi nent of the invention the
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conpound thereof. Such divalent or polyval ent netal
cations may be selected fromcalcium iron, or
conbi nations thereof. Sources of cal cium nmay include
calciumlactate, trical cium phosphate, cal cium
citrate- malate, calciumlactate gluconate, or cal cium
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i quids or beverages treated in accordance with the

i nvention may conprise an anount of fruit juice,
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The protein-containing liquid or gel may further comprise one or more of the following:

carbohydrate, sugar alcohol, alcohol, or sweetening agent.

Preferred carbohydrates include sucrose and fructose. A preferred source of fructose is

high fructose corn syrup. An alternative carbohydrate source is fermentable liquor.

The protein-containing liquid or gel may further comprise carbon dioxide. In a
particularly preferred embodiment, the protein-containing treated liquid or gel is

carbonated.



BRI EF DESCRI PTION OF THE DRAWNGS Figures 1 a, Ib, I c
and | d are graphs conparing the clarity of |iquids
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val ues. Untreated liquids are conpared to heat
treated liquids and a pressure treated liquids. Figure
2 is a graph conparing the clarity of
prot ei n-cont ai ni ng appl e juices produced from blends
of two sources of whey protein to a total protein
content of 3.5%both with and w thout a pressure
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pressures held for various tinmes. Figure 4 is a graph
showi ng how the desired clarity can be achieved in an
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Figure 5 is a graph showing howthe clarity of a
heat-treated protein-containing solution nmay be
improved if the heat treatnent (6QC, 70C, 80C held for
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menti oned herein, references to "high pressure
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pressure treatnents using pressures of at |east
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whey protein isolate at various pH values. Untreated liquids are compared to heat

treated liquids and a pressure treated liquids.

Figure 2 is a graph comparing the clarity of protein-containing apple juices produced
from blends of two sources of whey protein to a total protein content of 3.5% both with

and without a pressure treatment of 600 MPa held for 3min.

Figure 3 is a graph showing how the desired clarity can be achieved in a protein-
containing apple juice at 3.5% protein by using pressure treatments done at various set

pressures held for various times.

Figure 4 is a graph showing how the desired clarity can be achieved in an 11% protein
solution at pH 4.2 using pressure treatments consisting of various set pressures held for 1

minute



(*W or "high pressure processing"” (HPP). A pressure
treatnment is understood to conprise the follow ng -
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chanber - raising the pressure in the chanber, and
thereby the substrate to a predeterm ned set pressure
- holding the substrate at this pressure for a
predeterm ned tine, termed the treatnment tine, dwell
time or hold tinme, - releasing the pressure fromthe
chanber and renoving the substrate. The
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treatnment pressure fromthe substrate, and the

accuracy with which the treatnent pressure is
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particularly in situations where it s not necessary
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has been hydrol ysed to sugar (e.g. high fructose corn

S ¥e$bive-treatment is understood to comprise the following
- placing a substrate into the chamber and sealing the chamber
- raising the pressure in the chamber, and thereby the substrate to a predetermined
set pressuie
- holding the substrate at this pressure for a predetermined time, termed the
treatment time, dwell time or hold time,

- releasing the pressure from the chamber and removing the substrate.

The characteristics of the high-pressure equipment used might affect the conditions
required to successfully perform the invention. In particular, the time taken to achieve the
treatment pressure and to release the treatment pressure from the substrate, and the
accuracy with which the treatment pressure is delivered and controlled will influence the
outcomes, particularly in situations where it is not necessary for the substrate to be held at

the treatment pressure for an appreciable time.



For the purposes of this invention "protein syrup" or
“protein-containing syrup" is intended to describe

W@ 0404091399 such syrups to which a source of proPEI/NZ2004/000072
(e.g. a protein powder, concentrate or retentate) is
added, but also |iquids produced by the addition of
sugar (e.g. in powder or granular form to a liquid
protein concentrate or such liquids produced by the
m xing in water of such sugars and sources of
proteins. It is known in the art that mcrobes in
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The applicants have discovered that high pressure treatments are useful in enhancing

clarity properties of protein-containing liquids or gels.

Protein ingredients suitable for use in the present invention are whey proteins. Preferred
whey proteins include whey protein isolates and whey protein concentrates. Such

ingredients are commercially available.

Whey is a by-product of cheese or casein manufacture, and the protein products derived
from whey may be classified on the basis of their protein content, including whey protein
concentrates containing at least 30% protein, to whey protein isolates containing at least

90% protein [Huffman, 1996, IDF, 1998]. Membrane ultrafiltration (and diafiltration) is



skilled in the art would understand that the fat
content in the source of protein mght affect the
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"enhancing clarity and / or stability properties" my
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pressure treatnment: The direct inprovenent of the
clarity or stability of a protein-containing liquid or
gel The pressure treatnent of a liquid or gel (e.g.
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e The pressure treatment of a liquid or gel (e.g. protein syrup or concentrate) which

enables it to improve the clarity or stability of a subsequent liquid or gel into
which it is added

e A reduction in the loss of clarity, stability or solubility that occurs upon heating of
a protein-containing liquid by pressure treating the liquid before or after the heat
treatment

e A reduction in the loss of clarity or stability of a final heat-treated or carbonated
liquid or gel arising from the pressure treatment of an intermediate liquid or gel
(e.g. protein syrup or concentrate) from which the final liquid or gel is produced

e A reduction in the loss of clarity or stability of a final heat-treated liquid arising
from the reduction in the intensity of the heat treatment enabled by a pressure
treatment

¢ Increase in clarity or stability of a heat treated protein-containing liquid or gel

For the purposes of the described invention, “clarity” is measured as optical density
(OD). OD refers to the absorption of light at 610nm by the solution when placed in a
cuvette with an optical path of approximately lem in an LKB Ultraspec II



spectrophotoneter. A solution having a reading of zero
OD passes 100% of the incident light, while a sanple
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As noted above, the pressure treatment can be used in combination with a heat treatment
to reduce or reverse the loss of clarity caused by heating. A combination of treatments
may be selected to produce a more palatable product of acceptable microbial quality and

acceptable clarity.

The applicants have also observed that the high pressure treatment of a protein-containing
liquid or gel at near-neutral pH values (in particular a pH greater than about 6.0) can be

used to enhance clarity properties of the liquid or gel when compared to a heat treatment.

The invention may be used on protein-containing beverages such as nutritional drinks or

protein-fortified beverages such as fruit juices (e.g. apple juice) to which protein has been



protein-fortified beverages such as fruit juices (e.g.

apple juice) to which protein has been 8 WO
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treatnment on protein fortified juices would assist in

inmproving the «clarity of fruit juices after protein

fortification, and maintaining or inproving the

clarity of juices with or without heating. Figures |la
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shi fRE0Rt tRAEBSBL R difference in clarity between each of the samples was

substantially reduced.

Figure 3 shows that varying pressure / time conditions can be tested to obtain desirable
clarity in protein-containing liquids. Samples of an apple juice fortified with 3.5% whey
protein isolate were pressure treated using different set pressures for different pressure
holding times. Shorter holding times were possible for higher pressures in order to obtain
desirable levels of clarity. For holding times of 2 minutes or more, the pressure
treatments (500MPa, 600MPa and 700MPA) were equally effective in these particular

conditions.

The invention has several commercially useful applications. In many instances, heat

treatment or carbonation of a beverage may be necessary before sale to the consumer.
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the pressure treatnents (500MPa, 600MPa and 700MPA)

were equally effective in these particul ar

condi tions. The invention has several commercially

useful applications. In nmany instances, heat

treatnment or carbonation of a beverage may be

necessary before sale to the consuner. 9 WO
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ﬂ’é'qlﬁfeﬁ{éﬁﬁfprfhﬂheamﬂﬁm Bﬂﬂﬂ'ebtﬁmiper ature past which damage

iIs done to protein fortified beverages. Wth pressure

treatnent, there is a mninum pressure requirenent

W!il:hlthh epplica@tsTnéntibn, H@eredd ﬁd]léd\/ﬁx. tthﬁhwb\lil& understand that to
Lcant's inve rs t.he art

e e osp G et et iyl pidhet of the

desieat ciexidy, feprisintatitle anpddstdithe profiticd tcenld -be Gobjadted toch range of

e

@fa product of desired clarity could then be used to treat the remaining protein-containing

o

product. The combination of the lowest pressure treatment and the shortest treatment time
, resulting in a product of acceptable clarity would typically constitute the lowest cost

treatment option for obtaining a product of acceptable clarity (see Figure3 and Figure 4).

Furthermore, it is recognised that a person skilled in the art would understand that pH

adjustment may be required to optimize the effect of the pressure treatment.

It is understood that certain ingredients in a specific protein-containing product
formulation may be added without affecting the working of the invention (e.g.
colourings, preservatives, vitamins, flavourings, sugars, sweeteners, caffeine etc.). It is
equally understood that the addition of certain ingredients will affect the working of the

invention (e.g. fats, stabilizers).
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pressures for a range of tines. The m ni num
pressure-tinme treatnent conditions resulting in a
w@e@doe3oof desired clarity could then be usedPC€DNEZR2@®A00072
t he remai ning protein-containing product. The
conmbi nation of the | owest pressure treatnent and the
shortest treatnent tinme resulting in a product of
acceptable clarity would typically constitute the
| onest cost treatnent option for obtaining a product
of acceptable clarity (see Figure3 and Figure 4).
Furthernore, it is recognised that a person skilled in
the art would understand that pH adjustnment nmay
Inl‘ thq UWiageedf b aaptpmd@e ansh evitable aphysiglogicilly-gsea@ddlfy %‘”d S“Ch as
pl}Oﬁp hgg)gg itfic amdsinwe{ls%h Q0 JeduB@theCHE. t&lté}ndti‘i}a& eghiyeidngally

¢ protein-contaihing product fornulatiaon
ad’ﬁﬁ@’ stietrad bach ws ahotues jufck ety bry Uisde opvshek PIA gnast bg frguced by
fo ntion (e.g. colourings, preservatives, vitam ns,
ings, sugars, sweeteners, caffeine etc.). It is
equal Iy understood that the addltlon of certain
E gﬁﬂ¢ nts will affect the working of the invention
FE%F stabilizers). 10 WD 2004/091309
PCT/N22004/000072 In the case of an acid product any
Lt Lo s aRhed 85! n@allaéhs OD oD
i s e bl A e BT E A ERUE B o AR (00

be used to reduce th
s toAthd ﬂisvmtwn/@l light %ﬁwma‘wh%wawonéf@m placed jBa fgtewith an

optécaﬂ% ng f:: ypro]zmﬁii neé% réé‘? ﬁloa%q}ké;(@w}%l_é%g 11 %@ct:t%]dgﬁcf)tgx:ﬁ%tgi\?mﬁ soRition
hevisgpre OD pobasti06% o] the inmylenx/éghwésla pegnply hapipe an oD of 1
p%sjs_es&‘(}0 B)Q‘?% gt?ﬁlt El Sh SBthtlb erRR SRR, 'f@xnth@fpuhioﬁé&t ofathe

dn when placed in a cuvette wt
desrcnb«dphvanabn,phet hresﬁﬁlcepbﬁeémenhtseﬂnymilé%m of %WS%?@B“abth in a
1UItr%\ ec Il spectrophotoneter. A solution having

if passes 100% of the incident light, while a
sanpl e having an OD of 1 passes 10% of the incident

[ Wt, and so forth. Furthernore, for the purposes of
TPt

A number of protein solutions were pressure treated in the following examples, and
solution clarity was subsequently measured by OD. The tested solutions were
standardised to 3.5% protein and had been acidified to various pH values in the range 3.5

to 6.5 using phosphoric acid.

Each solution was split and two alternative treatments applied, after which an OD was

measured.

e Control untreated
o A heat treatment (80°C held for 20min)
e A pressure treatment (600 MPa held for 20 min)

11



descri bed invention, the presence of sedinent is an

indicator of a loss of stability ina liquid or gel.
waEx@apdsod A nunber of protein solutions were PCENZE200000072

treated in the foll ow ng exanples, and solution

clarity was subsequently neasured by OR The tested

solutions were standardised to 3.5%protein and had

been acidified to various pH values in the range 3.5

to 6.5 using phosphoric acid. Each solution was split

and two alternative treatnents applied, after which an

OfssSof tﬁ@éédwdecﬁlld okt %Qéatédrbbfuﬁéﬂseﬂe sHdwhEA Fiduk@ah B tlc
OC held for 20mn) A pressure treatment (600 MPa

anéIld Indhe ol rangp B-5 -1 4.5vibe 28Haf b PrrsvrereiadABHRAROHEE Fver
ﬂéﬁ%hé@ﬁu&funﬁélﬁedtJr%@att%a@@m&ﬁm Elﬂhcaﬁﬁdg( ﬁ@?&@@l cla@yut i ons

are shown in Figures 1 a, |b, In the pH
range 3.5 - 4.5, the OD of the pressure-treated
solutions were |lower than the control untreated or
Baabrbreated sol utions, indicating inproved clarity.
Exanpl e 2 A base sports beverage contai ning 8% whey
proteln i sol ate, 10@6sucrose and 5% naltodextrln was

usted to a H of . O@bclt
£ttt toople veraiad oqamng At Wi SO oS A8 SporRRTESs
thdodek i Waga@s&aw & gHf o 1. 06usig r5t)%9cmb aa@ Ganmgles of thewbhverdge
a nunber of mcrp atlo re..per
\(eé% P%Ep&eswgfrgat%aﬁ r@é Nﬁna;}ne i oa mon S at%ﬁl;dTgféer
\ﬂlfﬁ&pﬁhhiniaéi FARE®SH] edidnetadion messswe mafmmbé ttzteemindoplaarppunts,
of these est s r ss tr,eat ed bever.a h
B B o R e PN St N PG 5 LB By B offlese
tests. The pressure-treated beverage had an optical density of 0.022 compared to 0.438

for the untreated control beverage.
Example 3

The base sports beverage as described in Example 2 was pressure treated at 500 MPa for
5 min and stored for 6 months at 30°C, after which a number of microbial enumeration
tests were performed (aerobic plate counts, yeasts and moulds and mesophilic spores). No
colonies were detected by any of these tests. The pressure-treated beverage had an optical

density of 0.045 compared to 0.438 for the untreated control beverage (as Example 2).
Example 4

A protein-syrup was produced by adding 5.0kg of sucrose to 9.0kg of a
whey protein isolate retentate (22.3% protein), then adjusting the pH to 3.8 with

42.5% phosphoric acid. The syrup was pressure treated at 600 MPa held for 3 min and

was used to produce beverages as exemplified below.
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for the untreated control beverage. Exanple 3 The base
sports beverage as described in Exanple 2 was pressure
wo e@aveoat 500 MPa for 5 min and stored for BCTNA2(08/000072
at 30C, after which a nunber of m crobial enuneration
tests were perforned (aerobic plate counts, yeasts and
moul ds and nesophilic spores). No colonies were
detected by any of these tests. The pressure-treated
beverage had an optical density of 0.045 conpared to
0.438 for the untreated control beverage (as Exanple
@em f Korfloc/at B @éggeée@ CRf AndbBipoids QRHCREcRY iPMe taigrol

sucrose to Okg of a whey protein jsolate

sprale etaloem(t@p@%lﬁrtrﬁa@ﬁ ﬁ?mplﬁ H@hc‘%‘%ﬂl‘iﬁs‘t’?rﬁ se‘ir%%f TR Samples
f PR PRAE s BCHAbhylbARcRY r UP was

“%f%gés%l? rfgr ter&%sai?led at g‘%)o Cll\/Pa heﬂ)gyf or 3 mn and was

used to produce beverages as exenplified below 12 WO

2004/ 091309 PCT/ NZ2004/ 000072 After twenty days

storage at 30 degrees Cel sius, nmesospores were

Fgeveleved in the control sanple but not in the

pressure-treated sanple. No col oni es were detected

when sanples were tested for yeasts and noul ds

/e piotelnoyym s Pseduets dyorddne 20ke ok Ateh fRrctosecas syt A2 t3-0 e

o%swl%ry?;&‘e‘iﬁqsﬁﬁe ?Qéﬂteﬂg (.?2 ok %r&émﬁ lafd) adjlidti Qﬁ@pHQt’) 3.8 with

Syrup proteln 1 SO ?
4p.&t/e phoapheri¢ 2gid. 3’B)eew@wér4ﬁ)presaﬁa trgaipd, &t §OR é\ﬂ?%’ée & fpr iy agd
u\%(f ) pr ﬁ%cé%% g)g&'? Ohd &eﬁ%hﬂed l;_eﬁ](ﬁv Siihe Wipti V¥R JerRltP S5 the &ontrol

treated at and wused to Qroduce

wnireatisesyaipagess! 24 e'%é?rﬂrer qoitiga} %erﬂarwf the Rregspte;teegfed syrup was

%@SAP&? tQEnth h@ys%% cge%lt 30 HéPrdeS TeRfhs S dblon¥ed Swete &Qécted when
l'e the optical

ensrty of the pressure trqég
sepplep Wiers tegeb3fr zurehiy RgenfYPoHay st sgpoliforms,
Eﬂ@gﬁgﬁﬁmggkﬁkgamﬁgp col oni es were detected when

Example 6

The pressure-treated and control untreated syrups from Example 4 were used to produce
4% protein beverages as given in Table 1. The optical density of the beverages produced

from pressure-treated and control untreated syrups were compared.

Table 1

Mass(g)
Ingredient
Syrup (Example 4) 2280
Caffeine 24
Exotic fruits (Firmenich 8.0
502880C)
Red no. 40 (Sensient) 0.032
Tartrazine yellow (Sensient) 0.08
Total (with water) 8000

13



sanpl es were tested for aerobic plate counts, yeasts
and noul ds, coliforns, staphylococcus or nesospores.

wE@APPB0%5 The pressure-treated and control unPCEAZZH4/000072

syrups from Exanple 4 were used to produce 4% protein
beverages as given in Table 1. The optical density of
t he beverages produced from pressure-treated and
control untreated syrups were conpared. Table 1
Mass(g) Ingredient Syrup (Exanple 4) 2280 Caffeine
2.4 Exotic fruits (Firmenich 8.0 502880C) Red no. 40
(Sensient) 0.032 Tartrazine yellow (Sensient) 0.08
Total (with water) 8000 13 WD 2004/ 091309

a) gcg/ﬁ%\lz@e@gé B0l pH)of A Sfevmrateicasin Tableal FPRAPIesFEGfreated

. or nul at ed.. as + n. r QLY r e ; i

oyr G5RaH 3h SBuEr dbiel BpLReS 1 OFHg BT RO e I
bevaralgd ffonr sinatee] sysupi had aT apticel denfitysdPdAS-unt r eat ed
syrup had an optical density of 0.118. b) A beverage
with a final pHof 3.8 was fornulated as in Tahle 1

b Et Avibt-verdeh avittal tindlipbh ob3.8 edas Sgmsfateaascinkableak bt @ith the
The v.er a . =
an dRes PR Ey RS JRE B RHEE phio R the bbb RacH
pr odsyapthad aoopticklglensity of 0.025. In contrast, the beverage produced fromihe

control untreated syrup had an optical density of 0.223.

c) A beverage was with a final pH of 4.0 was formulated as in Table 1, from a syrup
of which the pH was adjusted to 4.0 with phosphoric acid. This beverage had an
optical density of 0.044 when produced from pressure-treated syrup. In contrast,
the beverage produced from the control untreated syrup had an optical density of
0.346.

Example 7

The syrup formulated in Example 5 was used to produce a number of 4% protein
beverages, each with a final pH of 3.8 and each formulated as shown in Table 2. This
beverage had an optical density of 0.029 when produced from pressure-treated syrup
whereas the beverage produced from the untreated syrup had an optical density of 0.142.

14



control untreated syrup had an optical density of
0.223. c¢) A beverage was with a final pH of 4.0 was
wo eoorobsoed as in Table 1, froma syrup of WhPCHNZEI®4/000072
pH was adj usted to 4.0 with phosphoric acid. This
beverage had an optical density of 0.044 when
produced from pressure-treated syrup. In contrast,
t he beverage produced fromthe control untreated syrup
had an optical density of 0.346. Exanple 7 The syrup
formul ated in Exanple 5 was used to produce a nunber
of 4% protein beverages, each with a final pH of 3.8
and each formul ated as shown in Table 2. This
vergge bagafnadpt i cal density of 0.029 when produced
rompressure-treated syrup whereas the beverage
produced fromthe untreated. syrup had an opti cal
density of 0.142. 14 WO #8e@&) 091309 PCT/ NZ2004/ 000072
Imgablient2: Beverage fornul ati on Mass(g) | ngredient

%We 2.17 Exotic fruits
S PH)5028800) 7. 22 d no. 40 (Sensient) 0.032

Chereing azi ne yell ow (Sensient) 0.08 Total (with water)
7200 EX | e 8 ages oduced from
E&P%%%Fé?gg‘é“é?hescﬁg%gﬁcont?'g untreated syrups were

Red b et (Séhstet) 0.032
Tartrazine yellow (Sensient) 0.08
Total (with water) 7200
Example 8

Beverages produced from pressure-treated and control untreated syrups were subjected to
various heat treatments in the range 70-90 degrees Celsius held for 30 seconds. Then
cooled to room temperature. The optical density of the heat treated beverages produced
from either pressure-treated or control untreated syrups were measured and comparative

results are set out in the below tables.

Table 3: Heat treatment of beverage samples from Example 6a)

Heat treatment Optical density At 610nm
(control syrup) (pressure
syrup)
none 0.118 0.023
70°C - 30sec 0.661 0.043
75°C — 30sec 0.829 0.048
80°C — 30sec 0.968 0.054
85°C — 30sec 1.079 0.051
90°C — 30sec - 0.041
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vari ous heat treatnents in the range 70-90 degrees

Cel sius held for 30 seconds. Then cooled to room

wo esppesdur e. The optical density of the heat PCEHAZZ®4/000072
bever ages produced fromeither pressure-treated or
control untreated syrups were neasured and conparative
results are set out in the below tables. Table 3: Heat
treatment of beverage sanples from Exanple 6a) Heat
treatnment Optical density At 61 Oonm (control syrup)
(pressure syrup) none 0.118 0.023 70C - 30sec 0.661
0.043 75C - 30sec 0.829 0.048 80C - 30sec 0.968
0.054 85C - 30sec 1.079 0.051 90C - 30sec - 0.041

15 WD 2004/ 091309 PCT/ NZ2004/ 000072 Table 4: Heat
THRA MR ireRfneRQN 8ERAG: AN SRl EaMpl@YP! e 6b) Heat

treat ment Optical densi ty At 610nm (cont rol syrup)

=) - 30 0. 666
%éJb me/”gc byégg)ecdﬁ n%. OG%téig e -IU;’:Osec 8?815

0. 063 (control syrup) (pressure
syrup)
none 0.223 0.025
70°C — 30sec 0.666 0.059
75°C — 30sec 0.858 0.069
80°C — 30sec 0.915 0.063
85°C —30sec 0.981 0.057
90°C — 30sec 0.987 0.055

Table 5: Heat treatment of beverage samples from Example 6¢)

Heat treatment Optical density At 610nm
(control syrup)  (pressure
syrup)
none 0.346 0.044
70°C — 30sec 0.648 0.173
75°C — 30sec 0.799 0.177
80°C — 30sec 0.933 0.274
85°C —30sec 1.024 0.334
90°C — 30sec 0.924 0.210
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85C - 30sec 0.981 0.057 90C - 30sec 0.987 0.055 Table
5: Heat treatnent of beverage sanples from Exanpl e 6c¢)
whle@u/opr3eat nrent Optical density At 610nm ( cOnPEDNZ2004/000072

syrup) (pressure syrup) none 0.346 0.044 70C - 30sec
0.648 0.173 75C - 30sec 0.799 0.177 80C - 30sec

0.933 0.274 85C - 30sec 1.024 0.334 90C - 30sec

0.924 0.210 16 WD 2004/ 091309 PCT/ Nz2004/ 000072

Table 6: Heat treatnent of beverage sanples from

Exanple 7 Heat treatnent Optical density At 610nm

£ .0l LU 0.142 0.029
T%%%l Hg%s“g%ﬁlgﬂ %ﬁ%&éﬁgg%%%%%- . 808 0.033  80C

I—&egtjtlr’éﬁﬁenv' 94T 0. UpticH Hensity S Ha®Fonkn 051 0. 034 90C -
sec 0.922 0.038

(control syrup)  (pressure

syrup)
none 0.142 0.029
70°C — 30sec 0.644 0.020
75°C —30sec 0.808 0.033
80°C — 30sec 0.941 0.037
85°C — 30sec 1.031 0.034
90°C — 30sec 0.922 0.038

Example 9

A protein-syrup was produced by adjusting the pH of 276g of a whey protein isolate
retentate (22.5% protein) to pH 3.8 using 42.5% phosphoric acid, then adding 124g
sucrose. The resulting syrup was pressure treated at 600 MPa for 3min. This syrup was
diluted to 4% protein with water to form a beverage base. The optical density of the
beverage base made from the pressure-treated syrup was 0.046, whereas the optical

density of the control beverage was 0.488.

Both the pressure-treated and conirol beverages were then heated to 70°C and held for
20min, after which the optical density of the pressure treated beverage was 0.172 and the
optical density of the control beverage was 0.885.

Example 10
A protein concentrate was produced by adjusting the pH of a whey protein isolate
retentate (22.5% protein) to pH 3.8 using 42.5% phosphoric acid. The concentrate was

then pressure treated at 600 MPa for 3 min. This concentrate was diluted to 4% protein

using water to produce a beverage base.
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Exanple 9 A protein-syrup was produced by adjusting
the pH of 276g of a whey protein isolate retentate
W@ 2®4593pr ot ein) to pH 3.8 using 42. 5% phosphopP¢T/NARI0d/000072

then addi ng 124g sucrose. The resulting syrup was
pressure treated at 600 MPa for 3mn. This syrup was
diluted to 4% protein with water to form a beverage
base. The optical density of the beverage base nade
fromthe pressure-treated syrup was 0.046, whereas the
optical density of the control beverage was 0.488.
Both the pressure-treated and control beverages were
then heated to 70C and held for 20m n, after which
Theeowfisel detisityief ghe yrespure-feaiesh bewrnes Base At 093N Shgiges the
v,g@réatgd Z/grmgeﬁgsélthﬁ an%%x aP@én& igoy. of the control

ever age anpl e 10 A protein concentrate
mas produced by adj usting the pH of a whey protein

é&‘to? ?Pés@\lr@ tréeabeet e d0cBtRI Bbvilagt OwiElhdn ﬁedﬂ&i t090°C and

42 5A)p osp ric acid. The concentrate was the
heldeag Shpt empewhrefpr 30 r@g@eswp%erfv@qwhghwmmalﬂqpyleS Were 0.099 and

&%Cfe%e'ét?xye "S%ﬁlpﬂk |of' theh Hhe _})fe{%ﬁé QeRkd) and! SbidD] WeePzed Qrere
produce ever age base. WD 2004/ 091309

Iegsed w&@@ @@b@@ﬁz %0 Travtep fift‘?fa’th@eth% pRtigalfengitigs were 0.160 and

PEESS gagggeated beverage base was 0. 037 whereas the

untre everage base had an optical density of

0.094. Sanpl es of both the pressure treated and

Eﬁﬁ%kq beverages were then heated to 70C and held at
tenperature for 20 mnutes, after which the

optical densities were 0.099 and 0. 260 respectively.

SpkaSyRb VAt frolled Wyeﬁﬁdéﬁﬁ%ttﬁeeﬁﬁw AR CRRdY Plotein isolate

beveragés were heat ed hel d for 20 m_nutes,
rfepiate RRSY¥hDIokn) dptIEE A8 whines 13-9*%@sphnenherie) agigothgm §7g of high

ot bEIPRG 55 Rk Yidded. The resulting syrup was pressure-treated at 600 MPa
for 3 minutes. This syrup was diluted to 4% protein using water to produce a beverage

base.

The optical density of the pressure-treated base was 0.042 whereas the optical density of
the untreated base was 0.082.

Both the pressure-treated and control beverages were then heated to 70°C and held for 20
minutes, after which the optical densities were 0.171 and 0.374 respectively.

Example 12
A carbonated protein beverage containing 4% protein was produced by mixing together
the ingredients as given in Table 7, then combining with carbonated water at 4°C. The

optical densities of carbonated beverages produced from pressure-treated syrup and

control untreated syrup were measured and compared. The beverage formed from the
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Exanple 11 A protein-syrup was produced by adjusting
the pH of 61g of whey protein isolate retentate
W@ 2®4593pr ot ein) to pH 3.8 using 42. 5% phosphopP¢T/NARI0d/000072
then 37g of high fructose corn syrup 55 was added.
The resulting syrup was pressure-treated at 600 MPa
for 3 mnutes. This syrup was diluted to 4% protein
using water to produce a beverage base. The opti cal
density of the pressure-treated base was 0.042 whereas
t he opti cal density of the untreated base was 0.082.

n .
pfifile hARBFRINE S bRl FO BP0 O, VLo N bAGRE: HRLE with
Mmaatedwnwmad embpligelisitiy@§04&r.e 0. 171 and 0. 374
respectively. Exanple 12 A carbonated protein beverage
containing 4% protein was produced by m xi ng together
Table 7t Ggbedicd htwerags fggmpbation n Tabl e 7, then conbi ni ng

wi th carbonated water at 4C. The optical densities of

quced from pressure-treated
Iﬁ% C%Qntand contr ol ated syrup were neasured and

ared. The beverage fornmed fromthe 18 WO
s&g%%@gﬂpi@@ PCT/ Nz21334/ 000072 pressure treated syrup
had, an opti cal dens'%y of 0.057, whereas the beverage

B°with the untreated syrup had an optical density
mbtiOfreif 502880ekl e 7:1.€ar bonat ed beverage fornul ation

I%/:a%l%(zw I ngr edi entoa}/ up (Exanple 4) 285 Caffeine

Yellow tartrazine 0.01
Total (with  carbonated 1000
water)

The carbonated beverage produced from the untreated (control) syrup was bottled and
pressure-treated in the bottle at 600 MPa for 3 minutes. The optical density of the
resulting pressure-treated beverage was 0.018, whereas the optical density of the

beverage before the pressure treatment was 0.275.

Example 13

Protein-calcium beverage bases containing whey protein isolate (3.5% protein) and
250mg per 240 mL of calcium from a variety of calcium sources were pH-adjusted to

3.8-4.0 using citric acid. The pH and optical densities of the beverage bases before and

after a pressure treatment of 600 MPa for 3minutes are shown in Table 8.
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Exotic fruit (502880C) 1.0 Red no. 40 0.004 Yellow
tartrazine 0.01 Total (with carbonated 1000 water)
wab@4ogm3bonat ed beverage produced fromthe unt PERNZ2D04/000072
(control) syrup was bottled and pressure-treated in
the bottle at 600 MPa for 3 mnutes. The optical
density of the resulting pressure-treated beverage
was 0.018, whereas the optical density of the
beverage before the pressure treatnent was 0.275.
Exanpl e 13 Protein-cal ci um beverage bases contai ni ng
'Né@BPeys @aﬁﬁﬁiﬁrﬁﬁ%@bﬁﬁeﬁlﬂ&eég@%&tel n) and 250ng per 240
of calciumf roma vari ety of cal ci um sources were
aci-usted—to STRALY it d——The pH and
(g‘% PR Fensi ti es o"?étt he l‘é‘;\a/erage 6g6slgéhbefore gnd
after a pressure tpHat melehsigf 600 MRar fressw®mi nut es are
shown in Table 8. 19 WO 2QC 04/ 091309 PCT/ Nz2004/ 000072
Table 8: Calciumfortifie pr otei n beverage bases
Cal cium sour ce F| naI thprmhreat 610nm pH density After
- =—3. 82 0. 029

p
Tliidalbahchhd»@mieosphm%4 QD57 472 0. 0104

Tricalcium phosphate  4.00 0.472 0.010
/calcium lactate  75/25

blend

Calcium citrate malate 3.85 0.218 0.044
Calcium citrate 4.03 0.948 0.024
Example 14

A fruit juice base was made by adding 1000g of water to 150g of an apple juice
concentrate (42 Brix). Varying amounts of two different sources of whey protein isolate
were added to samples of the base to produce a range of protein-containing juices with a
total protein content of 3.5%, and a final pH of 3.7 to 3.8 (after adjustment with 42.5%
phosphoric acid).

These blended-protein juices were then pressure treated at 600 MPa for 3 minutes, and
the optical densities at 610nm were compared to untreated control juices. The results are

shown in the Figure 2.

The optical density of the control untreated juice increased from 0.223 to 1.469 as the
proportion of each whey protein isolate changes from 0% to 100% of the total protein
added. However, the optical density of the pressure treated juice is substantially lower,

increasing from 0.044 to 0.091 over the same range.
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/calciumlactate 75/25 blend Calciumcitrate nal ate

3.85 0.218 0.044 Calciumcitrate 4.03 0.948 0. 024
wEx@apdsod4d A fruit juice base was nade by addP@myNZ2O®Q00072

of water to 150g of an apple juice concentrate (42

Brix). Varying amounts of two different sources of

whey protein isolate were added to sanples of the

base to produce a range of protein-containing juices

with a total protein content of 3.5% and a final pH

of 3.7 to 3.8 (after adjustnent with 42.5% phosphoric

Behdl.15These bl ended-protein juices were then pressure

treated at 600 MPa for 3 mnutes, and the optical

densities at 610nm were conpared to untreated control

A Y REScaldiB8 jhiESHHsE HadprBducei BWAddiR: 2.8 &fi @l dtratd Afilate to

optical density of the control untreated juice

35Rs pEasamlsipisarenoonte (§2 Priyk sheg adding 710898 yster o3e e whey

RaEh VA8Y vRE QE®idNo 230N B RINABY&Ss bdse FhidHed fuiddR%produce a
the total protein_ added. However, the optic densj tg/Of

I
BI% prrteip pastgs eoniaining e3Pme f calcipm. Q{?Ef‘s‘ic%‘f’?saﬂdﬁ?ﬂ o Etion
ﬂﬂ%@&%ertg fJdaen Shvid stdif@l D63, 300e8.80/ %76 AHE 3/68NTR: optfal
WO 200 /09f309 PCT/ Nz2004/ 000072 _Exanple 15 A
depgitverfrihess bevamers Wt Bepwesd hrige prdafire adPreryuts dgptynt of 600
Mrd ff 3limR& (b ci trate-nalate to 2509 of an apple
juice concentrate (42 Brix), then adding 710g of
water. 9.3g of a whey protein isolate was added to

%@m’;baERﬁﬂfoaﬂﬁdgfotsiﬁlb@veﬁgcs@as@snr! ched juice to produce
a 3.5%protein beverage containing 250ngy of cal cium

T B IR ody POTti ons of

Before After pressure
pressure

4.0 2.138 0.489

3.9 2.029 0.183

3.8 1.978 0.165

3.7 1.934 0.165

3.6 1.883 0.132

A precipitate formed when these beverages were heat treated (80 degrees Celsius held for

20 minutes).
Example 16
A protein-calcium juice base was produced as for Example 15, except that phosphoric

acid was added to portions of this beverage base to produce beverages of pH 3.96, 3.90,
3.77, 3.68, and 3.60.
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this beverage to produce beverages of pH 4.00, 3.90,

3.80, 3.70, and 3.60. The optical density of these
wheweagges was neasured before and after a pr eBGIINE2004/000072

treatment of 600 MPa for 3 minutes (table 9). Table

9: Calciumfortified protein beverage bases pH

Optical density at 610nm Before After pressure

pressure 4.0 2.138 0.489 3.9 2.029 0.183 3.8 1.978

0.165 3.7 1.934 0.165 3.6 1.883 0.132 A precipitate

formed when these beverages were heat treated (80

FRILARA! Eelsitl W3 ﬁ@éedbefv&ragesZQas”hféh&J%ﬂ) befbréaitidl Sek B Pressure
groteln calmum:wc15 ase was produced as for Exanple

eatment 6 £¢(0 Mipafor ho#hle10aci d was added to portions
of this beverage base to produce beverages of pH 3. 96,
3.90 77, 3.68, and 3.60. 21 WD 2004/091309
ﬁ@ﬂ?NEQ@@W#U@G@?QP“W%%b%ﬁﬁﬁ%ﬁﬁﬁﬂens|ty of these

bever ages was neasured before and after a pressure
tLeatnent. of..600. . MPa. for..3m.nut es (t abl e 10) Tabl e

1eH  Cal cPnpiipak depsifyf | 466190t ei n bever age bases pH
Optical gegsity At B30NMseure

pressure

3.96 2.035 0.169
3.90 1.944 0.177
3.77 1.892 0.143
3.68 1.821 0.124
3.60 1.719 0.124

A precipitate formed when these beverages were heat treated (80 degrees Celsius held for
20min).

Example 17

A protein-calcium juice base was produced by adding 2.74g of calcium citrate-malate to
250g of an apple juice concentrate (42 Brix), then adding 710g of water. 8.9g of whey
protein isolate was added to 240mL portions of this base enriched juice to produce a

3.5% protein beverage containing 250mg of calcium.
Phosphoric acid was added to samples of this beverage to produce beverages of pH 4.05,

3.9, 3.8, 3.7, and 3.6. The optical density of these beverages was measured before and
after a pressure treatment of 600 MPa for 3minutes (table 11).
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Before After pressure pressure 3.96 2.035 0.169 3.90

1.944 0.177 3.77 1.892 0.143 3.68 1.821 0.124 3.60
WA 20109009424 A precipitate formed when t hese bRUBNZZ®S/000072

were heat treated (80 degrees Celsius held for

20m n). Exanple 17 A protein-calciumjuice base was

produced by adding 2.74g of calciumcitrate-malate to

250g of an apple juice concentrate (42 Brix), then

addi ng 710g of water. 8.9g of whey protein isolate

was added to 240nL portions of this base enriched

[redle e1: CalcpihORHERd drotadn BEcREObSEN beverage contai ni ng

250ngy of cal cium Phosphoric acid was added to sanpl es

of this beverage to produce beverages of pH 4.05,

3.9, 3. Boptialdenfiflf At BrondN€ Optical density of these

beverages was neasured before and after a pressure

t r eat menBefgfe 600 MPATEIGYCSSHF nutes (table 11). 22 WO

2004/ 0913@Q,RCT/ NZ2004/ 000072 Table 11: Cal cium

fortified protein beverage bhases Optical density At

7

6h0hm BRPM e AfterOPHessure pressure 4.05 0. 934
038016  o0.861 0.175

3.80 0.777 0.190
3.70 0.695 0.110
3.60 0.683 0.090

The optical density was 0.290 when the beverage at pH 3.6 was subjected to a heat-
treatment of 80°C held for 20min instead of the pressure treatment. However sediment
formed when the beverages in the range of pH 3.9-4.0 were subjected to a heat-treatment

(80 degrees Celsius held for 20 minutes).

Example 18

A protein-calcium juice base was produced as for Example 17, except that citric acid was
added to portions of this beverage base to produce beverages of pH 4.04, 3.90, 3.81, 3.70,

and 3.60.

The optical density of these beverages was measured before and after a pressure

treatment of 600 MPa for 3 minutes (table 12).
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3.90 0.861 0.175 3.80 0.777 0.190 3.70 0.695 0.110
3.60 0.683 0.090 The optical density was 0.290 when
w0 b@4loensey age at pH 3.6 was subjected to a heaPE€T/NZ2004/000072
treatment of 80C held for 20mi n instead of the
pressure treatnent. However sedinment fornmed when the
beverages in the range of pH 3.9-4.0 were subjected to
a heat-treatnent (80 degrees Celsius held for 20
m nutes). Exanple 18 A protein-calciumjuice base was
produced as for Exanple 17, except that citric acid
Tete 1R ddRANE PrtiHRE hiddis b&trapdbsedever age base to
produce beverages of pH 4.04, 3.90, 3.81, 3.70, and
3.60. The optical density of these beverages was
%Easureq)Qgﬁg&gﬁﬁngﬁgnhﬁ{ a pressure treatnment of 600
a for g m nutes (table 12). 23 WO 2004/ 091309
PCT/ Nz2&6%r000072 Aftgppressur9: Cal cium fortified protein
bever aggrebases pH Optical density At 610nm Before
After pressure pressure 4 04 1.036 0.691 3.90 0.976
#0933  3.08¢ 0.911 66958 3.70 0.865 0.173

3.90 0.976 0.233
3.81 0.911 0.258
3.70 0.865 0.173
3.60 0.828 0.118

The optical density ranged from 0.290 to 1.326 with precipitates forming when the
beverages in the pH range 3.6-3.9 were subjected to a heat-treatment of 80°C held for
20min instead of the pressure treatment. A heavy sediment formed when the beverage pH

4.0 was subjected to the same heat-treatment.

Example 19

The selection of the high pressure processing hold time and set pressure required to

achieve the desired clarity in a specific beverage is shown in Figure 3.

A protein-enriched apple juice (3.5% protein) was produced by adding 17.25g of whey
protein isolate and 20.94g of sucrose to 55.70g of apple juice concentrate (42 Brix) and
then diluting with 445.5g of water. The pH was adjusted to 4.0 with phosphoric acid. The
beverage was then pressure-treated at a range of set pressure-hold time combinations (see
Figure 3). The shortest hold times at which the highest clarity (as lowest optical density)
was achieved at a given set pressure are approximately 2mins at 500 MPa and 600 MPa
compared to 15 sec at 700 MPa. In contrast, the optical density of the untreated control

protein-enriched apple juice was 1.961.
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3.60 0.828 0.118 The optical density ranged from 0. 290

to 1.326 with precipitates form ng when the beverages
WO poottlog13pH range 3.6-3.9 were subjected to a PCT/NZ2004/000072

heat -treatment of 80C held for 20mn instead of the

pressure treatnent. A heavy sedi nent forned when the

beverage pH 4.0 was subjected to the sane

heat -treatment. Exanple 19 The sel ection of the high

pressure processing hold tinme and set pressure

required to achieve the desired clarity in a specific

bewgleage is shown in Figure 3. A protein-enriched

apple juice (3.5% protein) was produced by addi ng

17.25g of whey protein isolate and 20.94g of sucrose

havhed pﬁﬁjﬂ/ﬁote@ﬂﬂ}d@o&dﬁe&@co@&@ eemwgauaese(xﬁa% pEddu¥dd BNdaking up

en lutin The. pH was
%5% EW@&Y pigtetn o5 tﬁi ﬁndﬁaiég M@W elvgete 408 of 5ugrascayd Se of
melsodeien I\ﬁJSB 84 aqmmgan% £H 3c8 with pEd%glﬁ)rﬁfaciﬂ&I) 200g in water The
e- hol onbj na see ure

BhaFrcTenen st oL 4%aRmotm i [ herNrg necioens oo The

lba@Mﬁﬁ]t anOfptitAl allensit9 RF i116Y3, buv\efer @ Pids@Ne teabinerd of GVENIPS @ld for
ur r oXi teI %glns at 500 MPa and 600
8?%2#‘%881 0vaf e E@t%isl 0 MPa. In contrast, the

opt|cal density of the untreated contro

rotng-enriched apple juice was 1.961. 24 WO
%ﬁ’ﬁ’&e 1309 PCT/ NZ2004/ 000072 Exanple 20 A whey

protein/protein hydrolysate recovery beverage base was

odu .99 of mh at
B GO SS e ol bilotBe bive s Drostiaon it P S b egpus
stightte dhepthtiyidrtdVirB03. Alpdofavliett ptdteif) isolrteDinl Bg Bf Wateh then adjusting,
hosphqgr,ic acid 1o 20 i n,.wate The esul ti
EORRATS HuCHoR slrto a0 ot DS Walei ol ing e BV Froke Bhse to 1002
Thidbebingahil @ppas dédsty of 2318, blias equéwln@fa) Dkt €atment of 80
%%%%ﬁl\gésiﬁf%foé 28%1% ar? lé}(teﬁasweesgdnnelﬁr\ﬁ?ass urkeedtllilec%ltltgagtn theobeverage
had an optical density of 0.250 when subjected to a pressure treatment of 600 MPa held

for 3 minutes.
Example 22

1.036g of calcium lactate was added to 50.0g of the syrup produced as in Example 5, and
the pH was readjusted to 3.8 with phosphoric acid. This amount of calcium is sufficient
to supply 200mg of calcium per 240mL serving of the beverage formulated as described
in table 2. The optical density of this syrup was 1.895, but was reduced to 1.079 by a
pressure treatment of 600 MPa held for 3 minutes.
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3min, the optical density was reduced to 0.136.
Exanple 21 An iron-fortified protein beverage base was

w@e@dogsd by di ssol ving 34. 6ng of ferrous sul POENEZ2004/000072
hept ahydrate and 3. 71g of whey protein isolate in 90g
of water, then adjusting, the pHto 3.8 with 40%
citric acid and adding water to bring the beverage
base to 100g. This beverage had an optical density of
2.310, but on subjecting to a heat treatnent of 80
degrees Cel sius for 20m n, an extensive sedi nent was
REFEBENCES contrast, the beverage had an optica
density of 0.250 when subjected to a pressure
treatment of 600 MPa held for 3 mnutes. Exanple 22
1. 036ufbhanc BIM.I(LER6) Baiddicehnolagy a@(dedo50, 50. Og of the

7 e B REE e e R o e S e Bt o

cal ciluternasormlVhey CenftrendeClsetgpl1il. 200nmg of cal ci um per

24 servin t he.beverage foroul scribhed
o SRty eyl oo i e e 8 FoodeEchy [Dgf) F ot
1.895, but was reduced to 1.079 by a pressure
treatment of 600 MPa held for 3 mnutes. 25 WD

2004/ 091309 PCT/ Nz2004/ 000072 REFERENCES 1. Huff-nman,
L.M (1996) Food Technol ogy 50(2), 4.9-52, 2.
International Dairy Federation (1998) Wey.
Proceedi ngs of the Second International Wey

Conf erence, Chicago, 111. 3. Conprehensive Reviews in
Food Science and Food Safety (2003) 2 (Suppl). 26 WO
2004/ 091309 PCT/ Nz2004/ 000072
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WHAT WE CLAIM1S: 1. A nethod of enhancing clarity and
/ or stability properties of a protein-containing

WO papiogh30y gel , conprising subjecting said |i qRCTING2004/000072
gel to a pressure treatnment of at |east 100 MPa. 2. A
met hod according ' to claim1l wherein the clarity
properties of the protein-containing liquid or gel
are enhanced. 3. A nethod according to claim1l wherein
the stability properties of the protein-containing
liquid or gel are enhanced. 4. A nmethod according any

- PARADBWE REAIVEXSedi ng cl ai ms wherein the protein
conprises whey protein. 5. A nmethod according to claim
4 wherein the protein conprises whey protein isolate.
6. A nethod according to claim4 wherein the protein
Lonpri sésmsthey pf onbangingc olagntandit £. or7 stabilinetphqerties of a
according to claim6 wherein the whey protein
concentprate@-dostaining ligual orvgel yorpprisime) subecingenaidrimuid. or el t8 a
nmet hod according to any one of clains 1 to 7 wherein
some orpredsire tkatinlet of pirledsei08 MBa. hydr ol ysed or
non- hydrol ysed.. 9. A nethod according to any one of
Z.he pr esenthed cheirdisg Whed@mn 1t Whereinothat cladty ogdtitisnofl she
a conbi nati on of hydrol ysed protein and non-hydrol ysed
pr ot ei rprotg¢id-cofaimpighigdidac gad dtienbarced. any one of the
precedi ng clains wherein the pH of the |liquid or gel
j.s | essAtihethodabonerding & cRim VIOW2@RH @R188Klity properties of the

PCT/ NZ2004/ 000072
protein-containing liquid or gel are enhanced.

4. A method according any one of the preceding claims wherein the protein

comprises whey protein.

5. A method according to claim 4 wherein the protein comprises whey protein
isolate.

6. A method according to claim 4 wherein the protein comprises whey protein
concentrate.

7. A method according to claim 6 wherein the whey protein concentrate is low

fat whey protein concentrate.

8. A method according to any one of claims 1 to 7 wherein some or all of the
protein is hydrolysed or non-hydrolysed..

9. A method according to any one of the preceding claims wherein the amount of
protein is a combination of hydrolysed protein and non-hydrolysed protein.

10. A method according to any one of the preceding claims wherein the pH of the

liquid or gel is less than about 4.5.
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11. A nmethod according to claim210 wherein the pH of
the liquid or gel is between 3.5 and 4.2. 12. A
woreaohogizazcording to any one of clainms 1 to 9 PMIENEZ204/000072
the pHis greater than about 6.0. 13. A nethod
according to claim12 wherein the liquid or gel is at
a pH of between 6.0 and 6.8. 14. A nethod accordi ng
to any one of the preceding clains wherein the protein
is present inthe liquid or gel at a concentration of
| ess than about 40% w w. 15. A nethod according to
Hi. ai m 14 mgtbodpevotding for daisi h0 ivdeire e ngH ioff thd Equid opuigdl is
or gel at a concentration of |ess than about 28% w w.
16. A neetwesd 3cmdddi ng to claim 15 wherein the protein
is present in the liquid or gel at a concentration of
12ess t hamethod atcoiding twany onbdf clainmel th Odvimedothd pHgs greatetian
one of the preceding clains wherein the liquid or gel
is pressbanid.Qreated at a pressure of at |east about
400MPa. 18. A nmethod according to claim17 wherein the
13 qui d Hrmegledd acgordingds wlaemt Rewbh@ecinahe liguidreesgliiseatod pHE of
| east about 500MPa. 19. A nethod according to claim 18
wher ei rbetwesn bi0goil .80r gel is pressure treated at a
pressure of at |east about 580MPa. 20. A nethod
e cor diAgnethod etcaidingltd awheneaif thetrecedling) diaithsovhegsin this protein is
pressure treated at a pressure of at |east about
700MPa.present in\thedighid dr ged etor @incegtrbtdnalf Eissth2Dabotietoed w/ivt. he
liquid or gel is pressure treated at a pressure of at
I35east abowgthodo@nring 0 8lainDl P @betti Fe3R6tein is present in the liquid or
PCT/ NZ2004/ 000072

gel at a concentration of less than about 28% w/w.

16. A method according to claim 15 wherein the protein is present in the liquid or
gel at a concentration of less than about 10% w/w.

17. A method according to any one of the preceding claims wherein the liquid or
gel is pressure treated at a pressure of at least about 400MPa.

18. A method according to claim 17 wherein the liquid or gel is pressure treated at
a pressure of at least about 500MPa.

19. A method according to claim 18 wherein the liquid or gel is pressure treated at
a pressure of at least about 580MPa.

20. A method according to claim 19 wherein the liquid or gel is pressure treated at
a pressure of at least about 700MPa.

21. A method according to claim 20 wherein the liquid or gel is pressure treated at

a pressure of at least about 800MPa.
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22. A nethod according to any one of the preceding
clains wherein the protein-containing liquid or gel
wo ootlogr3oconpri ses an anmount of a nonoval ent, PCT/X&R@W000072

or polyvalent netal cation or conpound thereof. 23. A
nmet hod according to claim22 wherein the divalent or
pol yval ent nmetal cation is selected from cal cium
iron, or a conbination thereof. 24. A nethod according
to claim23 wherein the dival ent or polyval ent cation
is calcium 25. A nethod according to claim 24
her ei nAt inethpd cteirding aot aynomeg of ithiu ipteceding) @laimd uwhistest the
conprises one or nore of the follow ng: cal cium
| act at eprotein-@ataingriiquidhoo gpifattier compriseslsn amount of a monovalent,
citrate-mal ate, calciumlactate gluconate, and cal ci um
ci t r at edivilént ofpaiphleoidnad catiwh ot gohpoval deraoR3 wWher ei n
the divalent or polyvalent cationis iron. 27. A
2%t hod Aonahdi swgortlingab alaim 28 wike¢irithe Hivalent or polyvalent metal
protein-containing liquid or gel further conprises
one or qubiowiseéledidicfrdnalchloinm yon, foes canlsingioh pebe
hept ahydrate, and iron pyrophosphate. 28. A nethod
e cor di Agndtmdangordingtoodlaiin i3 pliee¢ie thendivatdna bnpolyvaknedation is
the protein-containing liquid or gel further
conpri sakiwt. | east one of the follow ng:
car bohydrate, sugar al cohol, al cohol, sweetening
Zgent , Amethodaoetodingtol daimt Hewlendin th2Shrotéinspiithiaihg liquid or gel
according to claim 28 wherein the protein-containing
i qui d forthgyedompfises tohe br aorpof the Tollauilyp keyidiuat Actatd Stridcium
2004/ 091309 PCT/ Nz2004/ 000072

phosphate, calcium citrate-malate, calcium lactate gluconate, and calcium

citrate.

26. A method according to claim 23 wherein the divalent or polyvalent cation is
iron.

27. A method according to claim 26 wherein the protein-containing liquid or gel

further comprises one or more of the following: ferrous sulphate heptahydrate,
and iron pyrophosphate.

28. A method according to any one of the preceding claims wherein the
protein-containing liquid or gel further comprises at least one of the
following: carbohydrate, sugar alcohol, alcohol, sweetening agent, or a
combination thereof.

29. A method according to claim 28 wherein the protein-containing liquid or gel

further comprises carbohydrate.
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30. A nethod according to claim?29 wherein the

carbohydrate is selected from sucrose, fructose,
wordosoohsse ri n, gl ucose, | actose, gal actose, orP@I/NZ2004/000072

conbi nation thereof. 31. A nmethod according to claim

29 wherein the carbohydrate is sucrose. 32. A nethod

according to claim?29 wherein the carbohydrate is

fructose. 33. A nmethod according to claim 32 wherein

the source of the fructose is high fructose corn

syrup. 34. A nethod according to claim?29 wherein the

8@r bohydrméthodsausrdiag its clafne 2revht@il the barbiotgtrate3s selécted from:

net hod according to any one of the preceding clains

wher ei nsuchge, fprote mattoduatral pluoge,| lngodedgabictage | or faltoibéation

conprises carbon dioxide. 36. A nethod according to

cl ai m 3themsher ein the protein-containing treated |liquid

or gel is carbonated. 37. A nmethod according to any

Bhe of Alnathuel adcokdinglo claiie 22 whetinghgacmbilrae istsn@atenment

takes place after a heat treatnent. 38. A nethod

3 cor di Agndtt@damyordingeto ofairt RQiwiareib theocad®hydigte &ifructobe

pressure treatnment takes place before a heat

$3.eat meAtmetB&@l acfortinp ho dlafx 6D rwtherefh the seurtdef the i@ctofe is high

claims 37 or 38 wherein the heat treatnent conprises

heat i ngfrtdiese poratsgspm- cont ai ning liquid or gel at nore

than about 70 degrees Celsius for at |east 30

3econdsA 4Bthod\ dcbarding tor clbiay @9aghereine dee carbyhydratee thiaet is

according to any one of clainms 1 to 39. 30 WO

2004/ 09f30&tdBETighA2 004/ 000072

35. A method according to any one of the preceding claims wherein the
protein-containing liquid or gel further comprises carbon dioxide.

36. A method according to claim 35 wherein the protein-containing treated liquid
or gel is carbonated.

37. A method according to any one of claims 1 to 36 wherein the pressure
treatment takes place after a heat treatment.

38. A method according to any one of claims 1 to 36 wherein the pressure
treatment takes place before a heat treatment.

39. A method according to either one of claims 37 or 38 wherein the heat
treatment comprises heating the protein-containing liquid or gel at more than
about 70 degrees Celsius for at least 30 seconds.

40. A liquid or beverage treated by a method according to any one of claims 1 to

39.
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41. A liquid or beverage according to claim40 wherein
the protein-containing |iquid or beverage conprises an
wa@nwdopi3ed fruit juice, vegetable juice, or PCT/NZ2004/000072

conbi nations thereof. 31

41. A liquid or beverage according to claim 40 wherein the protein-containing
liquid or beverage comprises an amount of fruit juice, vegetable juice, or

combinations thereof.
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