1 Title: CONCENTRATED MILK AND METHOD FOR PRODUCING THE SAME Technical Field [0001]
The present invention relates to concentrated milk that has high solids content but low viscosity, and a
process for producing such concentrated milk. Background Art [0002] It is said that there are three
elements that consumers desire for milk (and the like), that is, 'naturalness’, ‘palatability’, and
‘nutrition/function’ . The characteristics that conventional milk has in these respects are as follows.
'‘Normal milk' hag éegosPivwragein ieris-6f BeingEaatlr dlfinartifieidl ‘awd dlfeptitation for being tasty, but
there is a view that there should be more nutrients such as calcium_ '‘Low-fat milk' has a good
reputation in terms of calories being low and it being light, but there is a view that the taste is weak and
that it should b fidrée hutfitions. 'Specially rich (concentrated) milk' has a reputation for being rich
and tasty, but there is a view that the fat content is high and that it might cause weight gain. 'Milk
beverage' has a good reputation in terms of nutrients such as calcium beinq abundant, but there is a view
that it is artificial and that tReete is UnpleaSant T0003]™° AT Gestbed above there®is g milk that
simultaneously satisfiesthesthreeumporiant elements okinaturalness's pafatability§anddnutrition/function'
that consumers desire, Furthermore, the values that consumers desire for milk are diverse, and it is
necessary to provide new values. For example, as a method for improving the flavor of milk, a
method in whiéh & eleoxyigénation treatment is applied before or after thermal 2 pasteurization to thus
reduce the odqrgf overheated milk has been proposed (Patent Publication 1, Patent Publication 2).

On the other hand, a category ‘composition modified milk' is produced as a result of the revision of the
Ministerial Ordinance bn Milk 4t Mik Pradticts CoRterningCohpoLitionar StanthardsS ete. The
composition medified ailk referredite:heredssaneiformedhyremeving a specific comppnentwater
content, etc.) f[omt raw, mil falone gql,OO%fhraw 1Enilk) bg/ a techniggetsuch as a merlnbralr]Le [reatment, but
excludes 'fat-free milk ](gﬁlmuﬁfﬁéoand 'low-fat r%ﬁ&cfpéﬁfaﬁfyc Ssklmameaopn\'iﬁa 1° &%m%bsﬂio?n%@dified milk
has the possibilitysef satisfying thre thre€dmpertant elements that consumers desire for milk and
answering the diversification of valugs that consymers desire for-milk, [0004], ., ,;,As.a process for
producing such composition modified milk, processed milk (concentrated milk) in which nutritious
components saeh asprotein ‘ardicalciam areréhharicedhy SubjectingStarfing Mtk tosariembBrane
concentration freatment,;anda progess forn producing same (Patent Publication 3, Patent Publication 4)
have been proposed, but such concentrated milk is not always satisfactory in terms of texture on the

tongue, etc. since the SIS toteht cAGehTREdN P éea8ed” [BFHOAT DECamERtSE Y 1o

and it being light, but there is a view that the taste is weak and that it
should be more nutritious.

'Specially rich (concentrated) milk' has a reputation for being rich
and tasty, but there is a view that the fat content is high and that it might
cause weight gain.

'Milk beverage' has a good reputation in terms of nutrients such as
calcium being abundant, but there is a view that it is artificial and that
the taste is unpleasant.

[0003]

As described above, there is no milk that simultaneously satisfies
the three important elements of 'naturalness', 'palatability', and
'nutrition/function' that consumers desire. Furthermore, the values that
consumers desire for milk are diverse, and it is necessary to provide new
values.

For example, as a method for improving the flavor of milk, a method

in which a deoxygenation treatment is applied before or after thermal



[Patent Publication] [0005] [Patent Publication 1] JP, A, 2001-078665 [Patent Publication 2] JP, A,
2003-144045 [Patent Publication 3] JP, A, 2002-051699 [Patent Publication 4] JP, A, 2002-253116
Summary of Invention Problems to be Solved by the Invention [0006] 3 concentrated milk that has higher
concentrations of protein, calcium, etc. than conventiopal milk, high nutritional value, and good texture on
the tongue. Means for Solving the Problems [0007] During an intensive investigation by the present
inventors in ordestevattait the abovesmentioned olyject, tthasbeer found that swivite motingsthrat

concentrated milk:having,a high contentof milk solids-net-{at has high viscosity, the texture on the tongue
can be improved by reducing the viscosity of concentrated milk, and as a result of further investigation the

present invention has Bebtadcsinpiished [00087*Y 'c°That s, tHepredéftifvehtion relatesto

concentratedmilk camprising:10nto 14w % milk-selidsnnet-fat andbhavinga sheatr viscasityiafk20 to 100
mPa.s at a shear rate of O 55-1 Furthermore the Qresent invention relates to the concentrated milk

wherein the MK At Soh et & RE SreatPiar 3o va" A Sisover Sthe Brasent hUehtion felates to a

process for produgingconeentrated dnikk blnat fncludesyarstep of subjecting iStarting-mitk tovater

deoxygenation ) treatment before and/or aftqr supéectlr?gotgte starting rrnlk to atcogcentratlon treatment, and

subsequently carrying out a pasteurlzatron treatment. [0009] Furthermore the present invention
relates to the produetioreproeesswhereincit furtrer includesa siep ofearrying bueachomsgerization

treatment.  ; Moregyet, the presentinvention relatesta-the productionocess; whereindt includes a
step of adjusting the milk fat content of concentrated milk to no greater than 3 wt. %. Furthermore,

the present inv&titioR retatestt6 the®prodactisn Brece sy Whetkin e toncentrafioh freatiant is a
membrane coneentrationriieatment.nd [0010]versification of values that consumers desire

for milk.
[0004]

As a process for producing such composition modified milk, processed
milk (concentrated milk) in which nutritious components such as protein and
calcium are enhanced by subjecting starting milk to a membrane concentration
treatment, and a process for producing same (Patent Publication 3, Patent
Publication 4) have been proposed, but such concentrated milk is not always
satisfactory in terms of texture on the tongue, etc. since the solids content

concentration is increased.

[Prior Art Documents]

[Patent Publication]

[0005]

[Patent Publication 1] JP, A, 2001-078665
[Patent Publication 2] JP, A, 2003-144045
[Patent Publication 3] JP, A, 2002-051699

[Patent Publication 4] JP, A, 2002-253116

Summary of Invention
Problems to be Solved by the Invention
[0006]

It is therefore an object of the present invention to provide



In accordance with the present invention, there can be provided concentrated milk having a desirable
texture on the tongue, even if it contains 10 to 14 wt. %, more preferably 10 to 13.5 wt. %, yet more
preferably 10 to 13 wt. %, and still more preferably 10 to 12 wt. % of milk solids-not-fat, by adjusting the
shear viscosity at a shear rate of 0.5 5-1 so as to be 2§ to 100 mPa.s. Furthermore, in accordance
with another embodiment of the present invention, with regard to low-fat or fat-free concentrated milk,
which has milkcfatceohtenitefrid greatemtrahi3 et % preferabhpiessitran 3wt %3 more peeferably no
greater than 2.3 Wl. %, and yet more preferably.no.greater;than 1.5 wt, /4, Hy; adiusting the shear viscosity
at a shear rate of 0.5 s-1 so as to be 20 to 100 mPa.s there can be provided concentrated milk that is
excellent for b8ty and health and has a desirable texture on the tongue and richness since it is low-fat
(low calorie) while being concentrated milk that is high in nutritious components. Such concentrated milk
has a completelé/ new flavor and texture as a result of a combination of richness due to the high milk

solids-not-fat ¢Oritent” & réffeghidg feel die t67ifs low viscosity in spite of the high concentration, and a

light feel due tothe7low fat content. [0011] Moreover, in accordance with yet another embodiment of
the present invention there can be provided, by a prodyction process that ingludes a step of concentrating

the milk solids-not-fat content of starting milk, a step of subjectln% the concentrated starting milk to a
deoxygenatiort treagtmentt andsutrsegaentlyca steprof carrying daca pastéurizdtiontréatrrenta
concentrated milk-having milk-salidsrhot:fat-of preferably:- 1040 14 wi. %, mare preferably 10 4@ 13.5 wt.
%, yet more preferably 10 to 13 wt. %, and still more preferably 10 to 12 wt. %, and having a relatively low
viscosity, that is; % Shigar ViSEd<ity OF 20 16 " f00 Pa $ats SRear fatedf 65 s 19 [6Er121 Farthefmore, in
accordance with siilh anothercembodiment of the- & viewpomi-eth.little lossdnpytrtiousccompenents such as
protein, lactose, vitatmins,handbminerals ang,thhe (\j/iewpoint of improvement in flavor of concentrated milk,
when subjectiﬁél %?grt?ﬁﬁ milk t0 a membrane concentration treatment, an ME membrane treatment, a UF
membrane treafmeht, an RO membrane treatment, or an NF membrane treatment is for example suitable,
a uFmembrane reatmenl anROMemrANe ealTient.of an NEMembrene Wsaypent s preferably
suitable, an RO membrane treatment or an NF membrane treatment is more preferably suitable, and an
NF membraneltteatmént'is yet mbfejoreférabi stitalsied By catpying et nontiremal cohcehtration by

appropriately selgcting these_membrang.copeentration treatments, it is possible to provide concentrated
milk having excellent flavor and a desirable texture on the tongue without losing the original nutritious
components or flavor 18?%8%@5?\ﬂo@@s%‘?séaﬁjiﬁ‘@ewmé%%?ﬁﬁﬁ [0515p =" U HE “sterting milk’
referred to in the<prasentspecificationdsna diguidscontajiniagdnilkreonpenents, such as raw milk, crude
milk, whole fat milk, sijm milk, and whey. ., , The concentrated milk' referred to,In the present
specification is a liquid obtained by SLIfbjectlng the above-mentlone(fsta?tlng milk to & concentration
treatment suclrascarernbianéelseparationanethodor eevactiusmevaporationanethodrand, farthermore,
the ‘concentrated milk inclydes a liquid optained by,additionally.carying out in. some Gasesa,
pasteurization treatment, a homogenization treatment, a centrifugation treatment, a fat concentration
adjustment treBPmMEiTE Gt B PrétSRP O @ postsster of the labove-mentiohedPésheentration treatment.
That is, the 'cancentrated milk' includes, for example, composition modified milk whose milk fat
concentration has been adjusted by subjecting concentrated milk obtained from whole fat milk to a
centrifugation fri&4trent and composition modified milk whose milk fat content has been adjusted by
adding cream, etc. to concentrated milkobtained drenrskimr ek e[001 4} <6oroduchii the psesent invention,
for example, in order ta prepare composition modified milk, raw milk is subjected to a centrifugation
eatment 10 1N CELAR S Pl oottt Ane e SR T b et o S g oo NP
membrane treatment, bt peepatirtg eorcentratedmikehaving e mitktselidsavotfareomtent of about 12
wt. %. Subseqpently, the milk fat.content is adjusted:to.about 1.5 wi. %bymixing (adding).apart of the
cream obtained in the centrifugation treatment into the concentrated milk, and this concentrated milk
having milk sofids*noe-fap ceritehtof'abdut 12 wt®% and amilk fat content of about 1.5 wt. % is subjected
to a deoxygenation treatreatand then 1o a-pasteurization treatments Rukipgdhis processcass,
homogenization treatment is not essential, but it may be carried out before the pasteurization treatment or
after the pastelitization treatment. ="t this'way, by stibjetting concantratéd milk,; WhoSe” milk
solids-not-fat content has been adjusted so as to be higher than that of raw milk and whose milk fat
content has been adjusted.to be low as necessary, to a pasteurization treatment after a deoxygenation
treatment, there can be provided composition modified milk that has richness due to the high milk
solids-not-fat content, a refreshing feel due to the low viscosity in spite of the high concentration, and a
light feel due to the low fat content. [0015] That is, in the present invention, it has been found that,
compared with a case in which a pasteurization treatment is carried out without a deoxygenation
treatment, there is an effect in lowering the viscosity when subjecting concentrated milk, whose milk



[0016] The concentrated milk according to the present invention has milk solids-not-fat content that
is higher than that of normal milk, and has milk solids-not-fat content of for example 10 to 17 wt. %,
preferably 10 to 15 wt. %, more preferably 10 to 14 wt. %, and yet more preferably 11 to 12 wt. %.
For conventional composition modified milk (concentrgted milk) , processed milk, etc., the higher the milk
solids-not-fat content, the richer it is, but the refreshing feel disappears, and if an attempt is made to
impart a refresHiAgfeel, the richness disappears. In the present invention, the higher the milk
solids-not-fat content, the_ higher.the effect of reducing,viseasity.by,a degxygenation treatment, and since
the viscosity becomes low even though the milk solids-not-fat content and the overall concentration is
high, it is possibe s impit arefreShing feél While RAVing tithiiesS " Thetefored iR ord& toimpart a
refreshing feel-and-strenger Jichness:in terms.of flaver, the milksalids:-not-fat centept srayhe set so as to
be relatively higoh. O{\gthe other hand {rom the v%ewgolintlof CO{lzcentrgtion r,altio, eltc(.j, which is easily set by
a membrane concéntration tréatniént, it ¥ G&irable fo set the itk solifsTot-fat dontet at 10 to 14 wt. %,
etc. [0017] by Rurthermorehthemilk fat content efthetencentratedt milk according toothve present
invention is not particularly limited, but the effects of the present invention can easily be exhibited for
concentrated milk that is classified as low-fat or fat-free. For conventional composition modified milk
(concentrated milk), pfaeésseelntilk, ‘etca ciive Hgherthe nvlle fateortent. the nofe that picHress is
imparted, but the light feel disappears; $9 thal if an attemptis-made-to, impatt righness, the light feel
disappears. Furthermore, since fat-free milk does not contain milk fat content, which is one of the factors
that a brings Gut-thé FichRBss 6f Milkd it Ffstive proBlem& that thetasteis'stighflyweak aid it does not
have strong milk:characteristics.dnythe qresent invertion;, thecosipasition sredified milkhawiag a high
milk solids-not-fat ccl)ngengragonbhas r,ichtn,ess as w?il as low visctosit /s andhin order to gchigve,la balance
between a Iigh‘il}%%l and richness'in %élﬁr%sl%?fita\?ors, e milk fat %:o%tentarﬁaﬁ%re Setafa [ow I2vel. In the
present invention abytsetting theupper timit ofctive enitk fabeantent atdl forexarnple £8.0:Wk % qreferably
2.5 wt. %, more. preferably, 2,0 wt. %, gnd yetmore preferably,1.8 wt, %.the light feel and the richness
due to milk fat can be enhanced. On the other hand, by setting the lower limit of the milk fat content at, for
example, 0.0 WiV 1 pPefeialsiios wtl 96} rotetpréferabhp 012 Wihis eyt b reopreferatily 03 Mit. %, and
most preferably, Q5 wi. % gwhile taking into,consideration cousteimeasues against anevaluation of a
‘'slightly weak taste' and ‘weak milk characteristics' possessed by conventional fat-free milk, the light feel
can be enhan¢€dPant EENEehratdam ik haVing a Mew flakdt and téxtiie can b provided [d518] In
the process forprocucing eomcentrated mik-aceording to thecpreseat iaventiordhe eancentrasion
treatment includes, but is not particularly limjted to, a membrane separation metho vacuum
evaporation m%?ﬁo,\élgﬁasthtg Ii%%,séjﬁ ea}%gnhﬁ%ﬁ%hsgﬁré?gﬁ(t)ﬂaﬁnlé)tﬁoﬁ rilé pare{fg?g%leg %ela%cgﬁ? i§ ‘honthermal
and causes harddy amy denaterirg of nutritious components such as protein. In the process for
producing conggptrated milk according to the present invention, the membrane separation method is
preferably, but is not particularly limited to, an ultrafiltration membrane (UP') method, a reverse osmosis
membrane (RO) meth&t,°arfid a rianeéfifPafiohfitemibrame (NEY MethePsiice theré STt RS bf nutritious
components sueheas protein. the-reverse osmesis membrane{RO) methogsangsihe nanefiltration
membrane (NF) method are more preferable since there is little loss of nutritious components such as
protein, lactos&" Vitaming aRd AiiheraIS " THE harSitraticl méRTbraRESNIF) mEtRbY &yt Hioré preferable
since there is littkeoloss ofurutriticus coneponents: sucteas preteimdaetose, vitamiaspangeminesals, and the
flavor 9 of concentrated milk canbe improved due lolemova ofapartof the utea, gl adid, minerals
(sodium, potassium, ch orine, etc3, Btc. Inthis prgcess, for exgample,pit IS possﬁﬁe to use the nanofiltration
membrane (NFpnsethiod aavdthe reverse oshiosts embrarfie (ROPneéthad i combination, ahd they may
be arranged in series of in patallehto eash-other..Morgoyer. the raembrane, greas thereof and the ratio
thereof may be set freely in accordance with the formulation of composition modified milk that is to be
produced. [00FS] 11 ™R H&Predent ivention” the® deskygehdtion treatment typieallySivoliés, but is not
particularly limitegt ta sinjectings (oubbling)andaerbgas suchnas nitragen gas Or-argongas into’ .
concentrated milk, or charging into a tank in a low-pressure or vacuum state concentrated milk after it has
. fooloy 7 - . . . . .
been atomized, Made into a thin film, etc. In this process, from the viewpoint of simplicity of actual
equipment, ease of controheetaor it/is preferablestoatilizerarsinen gas.thethisrgase rforcexamigle, injecting
(bubbling) an i&eéé gas intg concentrated rtnanggggd charging.concentrated milk into a tank in.a _

invention, wil 1nto eraction e Da nce ween

low-pressure or vacuum state after it has been atomized, made into a thin film, etc. may be employed in
combination, and they may be arranged in series or in parallel to each other. In this deoxygenation
treatment, for example, the concentration of dissolved oxygen in concentrated milk is preferably no
greater than 5 ppm, more preferably no greater than 3 ppm, and yet more preferably no greater than 2
ppm. The deoxygenation treatment may be provided either before the concentration treatment or



In this process, the homogenization treatment is not essential, but by providing it before the pasteurization
treatment and/or after the pasteurization treatment it is also possible to suppress oxidation of milk fat or
milk protein,to reduce the viscosity of concentrated milk, etc. When the homogenization treatment is
provided before the pasteurization treatment, since mik fat can be stabilized by atomizing in a
deoxygenated state, oxidation of milk fat or milk protein can be suppressed effectively, and it is preferable
from the viewpoiatefifavef. Onthe btherthand, :whery thechomegenization treatirant is provided after the
pasteurization freatment, since milk fat.or.milk protein.is heated,-they undergo samedepaturing, but even
if the viscosity increases, the viscosity can be reduced again, and it is preferable from the viewpoint of
physical propettiesSit i tiiéretdte &le prefterable to°cary oatthe homdgenizatior tredthiént Before the
pasteurization dreatment and further careyout tbehemegenization-treatraent aftes the pasteurization
treatment. [0022% In the present invention, the viscositoy means, f or example, shear Lyiscosity ata
shear rate of 0:5 5-1"0btaiRed USing A dyiamic vickoslastdmetr (Bhysica MCR301, Alton Phar ) , and
this can be said-te: expressarnepseseatative dymamicviscoelastivityrat tar similartshear ¢ate 4o1that in the
stage before 1 milk,is drunk apd swallowed (immediately aftarbeing placed in the mouth), as explained
below. For example, in New Food Industry, 2001, Vol. 43, No. 4, P.24 to 30, the maximum speed of water
at the stage whent@iatet ¥s drimeand swaliowdd isrreasarédto-beraboat\7 rvseusiregf eftrasound. In this
case, as one example.the diameter, of the,human, pharyngeal regien is abous 14.mm, and itean be
estimated therefrom that the shear rate at the stage when water is drunk and swallowed is about SO s-1.
While taking iritd'é6hsitfetafioh Soe ditferance irriistosityBérieen tilkcdid watér it Banbe%estimated
that the shear rate atthestage whegvmilk is:esunknandiswallamed=sqsa fevatensteiksk.cThatisea shear
rate of 0.5 5-1is clearlvy, Emaltlegthan tht% shear rate at tpe,st,a%e when milktis drufnlk and S\f/vallowed, and it
IS appropriate tStRink ‘of |?%L§ the shear rate rlﬁﬁﬁ%?jlla?éllyréﬁé? n%ilﬁofgpﬁiﬁecneﬁ in the Mouth. [6853]

With regard torth&kviscosity of concentrated milk according to the present invention, the shear viscosity at
a shear rate of 0.5 5-1 is preferably 20 to 100 mPa.s, more preferably 20 to SS mPa.s, and yet more
preferably 20 to 45 mPa.s. In this case, in accordance with the process for producing concentrated
milk according“tf'fife fsresertrinvention, eBmparedwith the conventional production process in which a
pasteurization trgatment is carried out without a deoxygenation treatment, the shear viscosity at a shear
rate of 0.5 s-1 is reduced by at least 5 mPa.s, preferably by at least 10 mPa.s, more preferably by at least
20 mPa.s, and yet mor8Sprefetably by at feast 50 Ai¥a’s, andas £TESG the’EontETtraféd hiilk according
to the present inventiorvhasi aishear Mseasityhat assheamrate 0f0.5i5x] o204 100 mia.s. {0024]

The present in%/eﬂtior; isl rg)@ﬂnegrgg fv#(teher detail below by reference to Examples, but the present
invention is not Jﬁmi’tedkto these 'Examp es’and may be modified in a variety of ways as long as the
modification do not defart'frone¢hertechhical'scopéof-the tprésentinvertion. fExanipleal] 0025] 12 [Test
Example 1] . ,$kimimilk was subjected;to a treatment hy a panafiltration membrane (NF) method so
as to be 1.2 times (milk solids-not-fat content: about 10 wt. %), 1.3 times (milk solids-not-fat content:
about 11 wt. %% *T.a%ifies EoHeERtratior (1HilkesBAUSIABEfat eotent aboUt L2 Wt. 06)? @t cream was
added so as tQ giye 1.b:wt. % and 3.0wt. o-ereancontent, this, prepasing samples withpredetermined
concentrations (formulations). Two samples having the cream content of 3.0 wt. % were prepared, and
the concentratioif tate R 13 Tid% 167 one’ SAnPIE ARd 1% tithed 16 the BtiTar * ARSF the ‘SanplBs were
subjected to athemogenizationtreatment; each waseivided equally into two, thaiiscone thakwas
subjected to a 90%%)%49?99“&” treatment Wiéﬁe@%)&%” flyshing and one that was notsstu_lgjteectegfthereto. In
those (samples) su Jecteé to the deoxygenation treatment wit ni{orogen ?I%s%lng,ptﬁe dissolved oxygen
concentration Was 3cppmFhiel sapiples wiere subjectet tore therniabpasteurizatiorr rieathreneautoclave,

120C, 1 min),_mliﬁ pr%P@IU&&"”?&Pt@%@lK (composition mogified milk) . ,n.sCqnagntegted milk that
had been subjected to the pasteurization (heating) treatment was stored at no greater than 10C, and

dynamic viscoefasticity 3t @ 'shear Fafe ot O 55SE ot the oncetratéd fitk did hormal mitk Were each
measured at 10Cusing a dynamic vscoelastometer-(Rhysica MEGR30L AstpnsPaas). {3026]ca  With
regard to concentrated milk having the same concentration (same formulation) and subjected to a
homogenizatidh treathisfit Betdre %ﬁ’e Pastelrizaton tréatient the Sheai VisdosiyWas cSmpared for
those on whick thesdeoxygenation dreatmenttad been carried out and those on which it had not, as
shown in Tabl O’Jm%r]ld it was confirmed that the shear viscosity decreased for concentrated milk subjected
to the deoxygenation treatment. Furthermore, concentrated milk that had not been subjected to the
deoxygenation treatment had a higher shear viscosity than that of normal milk, whereas concentrated milk
that had been subjected to the deoxygenation treatment had a lower shear viscosity than that of normal
milk. For concentrated milk that had not been subjected to the deoxygenation 13



treatment, the texture on the tongue was slightly undesirable, whereas concentrated milk that had been
subjected to the deoxygenation treatment had richness at the same time as a refreshing feel and a
desirable texture on the tongue. Furthermore, concentrated milk that had been subjected to the
deoxygenation treatment and had a low milk fat contegt (Examples 1A, 1E, and 10) had increased light
feel and a new flavor and texture compared with concentrated milk that had been subjected to the
deoxygenation treatmént-andtved e retativele highemitkafat contertrExamplesrt e and BE).HO027] [Table

1] Table 1: Influence of deoxygenation treatment an yiscosity. of concentrated milk Sample. No. Concentra

tion ratio Milk fat content (%) Deoxygena tion treatment carried out Shear viscosity (as) Differenc e in
shear ViSCOSit}?%ﬁ'ﬂjﬁ $)<im milk and cream, and this skim milk is subjected as starting milk

to an NF membrane treatment, thus preparing concentrated milk having a milk
solids—not-fat content of about 12 wt. %. Subsequently, themilk fat content
is adjusted to about 1.5 wt. $ by mixing (adding) a part of the cream obtained
in the centrifugation treatment into the concentrated milk, and this
concentrated milk having milk solids—-not-fat content of about 12 wt. % and
amilk fat content of about 1.5wt. % is subjected to a deoxygenation treatment
and then to a pasteurization treatment. During this ©process, a
homogenization treatment is not essential, but it may be carried out before
the pasteurization treatment or after the pasteurization treatment.

In this way, by subjecting concentrated milk, whose milk
solids—-not-fat content has been adjusted so as to be higher than that of
raw milk and whose milk fat content has been adjusted to be low as necessary,
to a pasteurization treatment after a deoxygenation treatment, there can
be provided composition modified milk that has richness due to the high milk
solids—-not-fat content, a refreshing feel due to the low viscosity in spite
of the high concentration, and a light feel due to the low fat content.
[0015]

That is, in the present invention, it has been found that, compared
with a case in which a pasteurization treatment is carried out without a
deoxygenation treatment, there is an effect in lowering the viscosity when
subjecting concentrated milk, whose milk solids-not-fat content has been
increased to a predetermined concentration, to a pasteurization treatment
after a deoxygenation treatment, and by utilizing this effect it is possible
to provide concentrated milk having a refreshing feel in spite of it having
a high milk solids—-not-fat content or a high overall concentration.
Furthermore, in the present invention, by further reducing the milk fat
content, it is possible to provide composition modified milk having a light
feel and richness in spite of it being low-fat or fat-free.

In the conventional art a dairy product may be pasteurized after a

deoxygenation treatment, but the object and effect thereof areonly to improve
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flavor (taste, odor, etc.). On the other hand, in the present invention,
by pasteurizing a dairy product after a deoxygenation treatment, the physical
properties and texture (flowability, swallowing, texture on the tongue,
etc.) are improved, that can be said to be new effects and actions that are
different from the conventional art.

[0016]

The concentrated milk according to the present invention has milk
solids—not-fat content that is higher than that of normal milk, and has milk
solids—not-fat content of for example 10 to 17 wt. %, preferably 10 to 15
wt. %, more preferably 10 to 14 wt. %, and yet more preferably 11 to 12 wt. %.

For conventional composition modified milk (concentrated milk),
processed milk, etc., the higher the milk solids—not-fat content, the richer
it is, but the refreshing feel disappears, and if an attempt is made to impart
a refreshing feel, the richness disappears. In the present invention, the
higher the milk solids-not-fat content, the higher the effect of reducing
viscosity by a deoxygenation treatment, and since the viscosity becomes low
even though the milk solids—-not-fat content and the overall concentration
is high, it is possible to impart a refreshing feel while having richness.
Therefore, in order to impart a refreshing feel and stronger richness in
terms of flavor, the milk solids—-not-fat content may be set so as to be
relatively high. On the other hand, from the viewpoint of concentration
ratio, etc., which is easily set by a membrane concentration treatment, it
is desirable to set the milk solids-not-fat content at 10 to 14 wt. %, etc.
[0017]

Furthermore, the milk fat content of the concentrated milk according
to the present invention is not particularly limited, but the effects of
the present invention can easily be exhibited for concentrated milk that
is classified as low-fat or fat-free.

For conventional composition modified milk (concentrated milk),
processed milk, etc., the higher themilk fat content, the more that richness
is imparted, but the light feel disappears, so that if an attempt is made
to impart richness, the light feel disappears. Furthermore, since fat-free

milk does not contain milk fat content, which is one of the factors that
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brings out the richness of milk, it has the problems that the taste is slightly
weak and it does not have strong milk characteristics. In the present
invention, the composition modified milk having a high milk solids-not-fat
concentration has richness as well as low viscosity, and in order to achieve
a balance between a light feel and richness in terms of flavor, the milk
fat content may be set at a low level. 1In the present invention, by setting
the upper limit of the milk fat content at, for example, 3.0 wt. %, preferably
2.5 wt. %, more preferably 2.0 wt. %, and yet more preferably 1.5 wt. %,
the light feel and the richness due to milk fat can be enhanced. On the
other hand, by setting the lower limit of themilk fat content at, for example,
0.0wt. %, preferably 0.1 wt. %, more preferably 0.2 wt. %, yet more preferably
0.3 wt. %, and most preferably 0.5 wt. %, while taking into consideration
countermeasures against an evaluation of a 'slightly weak taste' and 'weak
milk characteristics' possessed by conventional fat-free milk, the light
feel can be enhanced, and concentrated milk having a new flavor and texture
can be provided.

[0018]

In the process for producing concentrated milk according to the
present invention, the concentration treatment includes, but 1s not
particularly limited to, a membrane separation method, a vacuum evaporation
method and the like, and a membrane separation method is preferable since
it is nonthermal and causes hardly any denaturing of nutritious components
such as protein.

In the process for producing concentrated milk according to the
present invention, the membrane separation method is preferably, but is not
particularly limited to, an ultrafiltration membrane (UF) method, a reverse
osmosis membrane (RO) method, and a nanofiltration membrane (NF) method since
there is little loss of nutritious components such as protein. The reverse
osmosis membrane (RO) method and the nanofiltration membrane (NF) method
are more preferable since there is little loss of nutritious components such
as protein, lactose, vitamins, and minerals. The nanofiltration membrane
(NF') method is yet more preferable since there is little loss of nutritious

components such as protein, lactose, vitamins, and minerals, and the flavor
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of concentrated milk can be improved due to removal of a part of the urea,
lactic acid, minerals (sodium, potassium, chlorine, etc.), etc. In this
process, for example, it is possible to use the nanofiltration membrane (NF)
method and the reverse osmosis membrane (RO) method in combination, and they
may be arranged in series or in parallel to each other. Moreover, the
membrane areas thereof and the ratio thereof may be set freely in accordance
with the formulation of composition modified milk that is to be produced.
[0019]

In the present invention, the deoxygenation treatment typically
involves, but is not particularly limited to, injecting (bubbling) an inert
gas such as nitrogen gas or argon gas into concentrated milk, or charging
into a tank in a low-pressure or vacuum state concentrated milk after it
has been atomized, made into a thin film, etc. 1In this process, from the
viewpoint of simplicity of actual equipment, ease of control, etc., it is
preferable to utilize an inert gas. In this case, for example, injecting
(bubbling) an inert gas into concentrated milk and charging concentrated
milk into a tank in a low-pressure or vacuum state after it has been atomized,
made into a thin film, etc. may be employed in combination, and they may
be arranged in series or in parallel to each other. In this deoxygenation
treatment, for example, the concentration of dissolved oxygen in
concentrated milk is preferably no greater than 5 ppm, more preferably no
greater than 3 ppm, and yet more preferably no greater than 2 ppm.

The deoxygenation treatment may be provided either before the
concentration treatment or after the concentration treatment. It is
preferable fromthe viewpoint of work efficiency to provide the deoxygenation
treatment after the concentration treatment.

[0020]

In the present invention, the pasteurization treatment includes, but
not particularly limited to, a low temperature long time pasteurization
method (LTLT method), a high temperature short time pasteurization method
(HTST method), an ultrahigh temperature pasteurization method (UHT method),
an ohmic heating pasteurizationmethod (Joule thermal pasteurization method),

a alternating current high electrical filed pasteurization method, etc.,



(normal milk) 1.0 3.5 No 120.7 - [Example 2] [0028] [Test Example 2] Skim milk was subjected to a
treatment by a nanofiltration membrane (NF) method so as to be 1.3 times (milk solids-not-fat content:
about 11 wt. %) and 1.4 times concentration (milk solids-not-fat content: about 12 wt. %), and cream was
added so as to give 1.5 wt. % and 3.0 wt. %, thus preparing 14 samples with predetermined
concentrations (formulations). The samples were subjected to a deoxygenation treatment with nitrogen
flushing and aaheérmal pasteusiz atiom treatmenty(@Etociave L AR OCt omin), ruvd thehlto &-hombgenization

treatment, thus preparing congentrated mil mpositign;madifigd; milk). In those (samples) subjected to
the deoxygenation treatment with nitrogen flushing, the dissolved oxygen concentration was 3 ppm.

Concentrated fiifk tHat FadRseénsubjetisd Yo the Pastehfization (heating) eathient Was Storéd at no
greater than 106;:a13ddynamic-viscaelasticity atra shear ratenof0.6-apk ofieach-consentrated milk was
measured at 10C usingha dynamic viscoelastometer (Physica MCR301, Anton Paar). With regard to
concentrated MK KavinG the'§aMe Eoncnitratiof (safre formuialion), the shear Viscosities 6f the
Comparative Examples in dable dnwhicit are sheaywviseosities without theadeoxygeration-treatment, were
compared with the shear, yiscosities,with the deexygenation reatment when.a homegenizaion treatment
was carried out after the pasteurization treatment, as shown in Table 2, and it was confirmed that the
shear viscosity of tdrtcentrated milk subjected to the deoxygenation treatment was decreased by carrying
out the homogegtization treatment after the pasteurization treatment. [0029] [Table 2] Table 2: Influence of

homogenization treatment after pasteurization treatment on viscosity of concentrated milk Sample No.
Concentra tion ratio Nﬁmrfé}termore, in the present invention, the homogenization treatment

includes, but not particularly limited to, a homogenizer, a homomixer, and
homodisperser, etc., and from the viewpoint of highefficiency in atomization,
etc. a homogenizer (homogenizing machine) is preferable.

In this process, the homogenization treatment is not essential, but
by providing it before the pasteurization treatment and/or after the
pasteurization treatment it is also possible to suppress oxidation of milk
fat or milk protein,to reduce the viscosity of concentrated milk, etc. When
the homogenization treatment is provided before the pasteurization treatment,
since milk fat can be stabilized by atomizing in a deoxygenated state,
oxidation of milk fat or milk protein can be suppressed effectively, and
it is preferable from the viewpoint of flavor. On the other hand, when the
homogenization treatment is provided after the pasteurization treatment,
since milk fat or milk protein is heated, they undergo some denaturing, but
even if the viscosity increases, the viscosity can be reduced again, and
it is preferable from the viewpoint of physical properties. It is therefore
also preferable to carry out the homogenization treatment before the
pasteurization treatment and further carry out the homogenization treatment
after the pasteurization treatment.

[0022]

In the present invention, the viscosity means, for example, shear
viscosity at a shear rate of 0.5 s ' obtained using a dynamic viscoelastometer
(Physica MCR301, Anton Paar), and this can be said to express a representative

dynamic viscoelasticity at a similar shear rate to that in the stage before
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milk is drunk and swallowed (immediately after being placed in the mouth),
as explained below. For example, in New Food Industry, 2001, Vol. 43, No.
4, P.24 to 30, the maximum speed of water at the stage when water is drunk
and swallowed is measured to be about 0.7 m/s using ultrasound. In this
case, as one example, the diameter of the human pharyngeal region is about
14 mm, and it can be estimated therefrom that the shear rate at the stage

when water is drunk and swallowed is about 50 s .

While taking into
consideration some difference in viscosity between milk and water, it can
be estimated that the shear rate at the stage when milk is drunk and swallowed

1

. - 1
is a few tens of s .

That is, a shear rate of 0.5 s~ is clearly smaller
than the shear rate at the stage when milk is drunk and swallowed, and it
is appropriate to think of it as the shear rate immediately after milk is
placed in the mouth.

[0023]

With regard to the viscosity of concentrated milk according to the
presentinvention,theshearviscosityat<ashearratecﬁf0.5sflispreferably
20 to 100 mPa-s, more preferably 20 to 55 mPa-s, and yet more preferably
20 to 45 mPa-s.

In this case, 1in accordance with the process for producing
concentrated milk according to the present invention, compared with the
conventional production process in which a pasteurization treatment is
carried out without a deoxygenation treatment, the shear viscosity at a shear
rate of 0.5 s is reduced by at least 5 mPa-s, preferably by at least 10
mPa-s, more preferably by at least 20 mPa-s, and yet more preferably by at
least 50 mPa-s, and as a result the concentrated milk according to the present

1 0f 20 to 100 mPa-s.

invention has a shear viscosity at a shear rate of 0.5 s~
[0024]

The present invention is explained in further detail below by
reference to Examples, but the present invention is not limited to these
Examples and may be modified in a variety of ways as long as the modification
do not depart from the technical scope of the present invention.

[Example 1]

[0025]



3.0 Yes 54.5 Ex.2D 1.4 3.0 Yes 21.8 [Example 3] [0030] [Test Example 3] Skim milk was subjected to a
treatment by a nanofiltration membrane 15 (NF) method so as to be 1.3 times concentration, and cream
was added so as to give 1.5 wt. % and 3.0 wt. %, thus preparing samples with predetermined
concentrations (formulations). The samples were subjegted to a deoxygenation treatment with nitrogen
flushing.Concentrated milk (composition modified milk) was prepared by carrying out a thermal
pasteurization tfeatment{@attotlave, 120C, 1 min) after a homogenization treatment and by carrying out a

homogenization treatraent after g thermal.pasteurizatiop treatment (autoclave, 120G, 1.min). In those
(samples) subjected to the deoxygenation treatment with nitrogen flushing, the dissolved oxygen

concentration Was 3'6phiY 5° 2T dricEhtrated Mific tHAE had beett stbjectéd 16" the pastétirization (heating)
treatment was.stored, at no greaterthan 10C; and dynamicsiscaelasticity atiashean rate,@f 0.5 5-1 of

each concentrated milk was measured at 100 using a dgnamic visco%lgstometer (Physica MCR301,

Anton Paar). With fegaltdTd toncehtiated ik fiaving the same Concéehtration (same 8iifation), the

shear viscositywascemparesl withirespeetio.differernce intthe ordemofdhe pasteurizatioretreatiment and

homogenization trelatmentcgteg)s A2s shawn in Table 3, and it was confirmed that the shear viscosity was
samples wi raddetermined concentrations ormulations) . WO sanmplés

decreased by carrying out the homogenization treatment after the pasteurization treatment even for
concentrated milkiraving & corcentration (formulatior?) teat gavre refativelfhigh viseesity everrby carrying

out the deoxyg%rg@tigg tfegtm%tsl%I@%Iéx@g@@lfela&gogu times for the other. After the

samples were subjected to a homogenization treatment, each was divided
equally into two, that is, one that was subjected to a deoxygenation treatment
with nitrogen flushing and one that was not subjected thereto. In those
(samples) subjected to the deoxygenation treatment with nitrogen flushing,
the dissolved oxygen concentration was 3 ppm. The samples were subjected
to a thermal pasteurization treatment (autoclave, 120°C, 1 min), thus
preparing concentrated milk (composition modified milk).

Concentrated milk that had been subjected to the pasteurization
(heating) treatment was stored at no greater than 10°C, and dynamic

! of the concentrated milk and normal

viscoelasticity at a shear rate of 0.5 s~
milk were each measured at 10°C using a dynamic viscoelastometer (Physica
MCR301, Anton Paar).

[0026]

With regard to concentrated milk having the same concentration (same
formulation) and subjected to a homogenization treatment before the
pasteurization treatment, the shear viscosity was compared for those on which
the deoxygenation treatment had been carried out and those on which it had
not, as shown in Table 1, and it was confirmed that the shear viscosity
decreased for concentrated milk subjected to the deoxygenation treatment.
Furthermore, concentrated milk that had not been subjected to the
deoxygenation treatment had a higher shear viscosity than that of normal
milk, whereas concentrated milk that had been subjected to the deoxygenation
treatment had a lower shear viscosity than that of normal milk.

For concentrated milk that had not been subjected to the deoxygenation



[Table 3] Table 3: Influence of homogenization treatment on viscosity of concentrated milk Sample No.
Concentra tion ratio Milk fat content (%) Homogenizat ion treatment Shear viscosity (mPa.$) Differenc e
in shear viscosity (mPa.$) Ex.1A 1.3 1.5

13

treatment, the texture on the tongue was slightly undesirable, whereas
concentrated milk that had been subjected to the deoxygenation treatment
had richness at the same time as a refreshing feel and a desirable texture
on the tongue. Furthermore, concentrated milk that had been subjected to
the deoxygenation treatment and had a low milk fat content (Examples 1A,
1B, and 1C) had increased light feel and a new flavor and texture compared
with concentrated milk that had been subjected to the deoxygenation treatment
and had a relatively high milk fat content (Examples 1D and 1E).

[0027]

[Table 1]
Table 1: Influence of deoxygenation treatment on viscosity of
concentrated milk

Deoxygena .
Milk fat tion Shear Differenc
Concentra . . e in shear
Sample No. . } content treatment | viscosity . .
tlion ratio o . viscosity
(%) carried (mPa-s)
(mPa-s)
out
Comp. Ex. 1.2 1.5 No 134.1
1A 64.2
Ex. 1A 1.2 1.5 Yes 69.9
comp. EX. 1.3 1.5 No 188.9
1B 99.3
Ex. 1B 1.3 1.5 Yes 89.6
Comp. Ex. 1.4 1.5 No 322.6
1C 293.2
Ex. 1C 1.4 1.5 Yes 29.4
Comp. Ex. 1.3 3.0 No 205.6
1D 111.9
Ex. 1D 1.3 3.0 Yes 93.7
comp. Ex. 1.4 3.0 No 157.5
1E 135.5
Ex. 1E 1.4 3.0 Yes 22.0
Ref. Ex.
(normal 1.0 3.5 No 120.7 -
milk)
[Example 2]
[0028]

[Test Example 2]

Skim milk was subjected to a treatment by a nanofiltration membrane
(NF) method so as to be 1.3 times (milk solids-not-fat content: about 11
wt. %) and 1.4 times concentration (milk solids-not-fat content: about 12

wt. %), and creamwas added soas togivel.5wt. $and 3.0wt. %, thus preparing



Before pasteurizat ion 89.6 46.0 Ex.2A 1.3 1.5 After pasteurizat ion 43.6 Ex.10 1.3 3.0 Before pasteurizat
ion 93.7 39.2
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samples with predetermined concentrations (formulations). The samples were
subjected to a deoxygenation treatment with nitrogen flushing and a thermal
pasteurization treatment (autoclave, 120°C, 1 min), and then to a
homogenization treatment, thus preparing concentrated milk (composition
modifiedmilk). 1In those (samples) subjected to the deoxygenation treatment
with nitrogen flushing, the dissolved oxygen concentration was 3 ppm.
Concentrated milk that had been subjected to the pasteurization
(heating) treatment was stored at no greater than 10°C, and dynamic

! of each concentrated milk was

viscoelasticity at a shear rate of 0.5 s
measured at 10°C using a dynamic viscoelastometer (Physica MCR301l, Anton
Paar). With regard to concentrated milk having the same concentration (same
formulation), the shear viscosities of the Comparative Examples in Table
1, which are shear viscosities without the deoxygenation treatment, were
compared with the shear viscosities with the deoxygenation treatment when
a homogenization treatment was carried out after the pasteurization
treatment, as shown in Table 2, and it was confirmed that the shear viscosity
of concentrated milk subjected to the deoxygenation treatment was decreased
by carrying out the homogenization treatment after the pasteurization
treatment.

[0029]

[Table 2]
Table 2: Influence of homogenization treatment after pasteurization
treatment on viscosity of concentrated milk

Deoxygena
Concentra Milk fat tion Shear
Sample No. , . content treatment | viscosity
tion ratio .
(%) carried (mPa-s)
out
Ex. 2A 1.3 1.5 Yes 43.6
Ex. 2B 1.4 1.5 Yes 31.6
Ex. 2C 1.3 3.0 Yes 54.5
Ex. 2D 1.4 3.0 Yes 21.8
[Example 3]
[0030]

[Test Example 3]

Skim milk was subjected to a treatment by a nanofiltration membrane



16 Ex.20 1.3 3.0 After pasteurizat ion 54.5 [Example 4] [0032] [Test Example 4] Skim milk was
subjected to a treatment by a nanofiltration membrane (NF) method so as to be 1.2 times (milk
solids-not-fat content: about 10 wt. %) and 1.4 times concentration (milk solids-not-fat content: about 12
wt. %), and cream was not added, thus preparing samples as fat-free milk. Each sample was divided
equally into two, one being subjected to a deoxygenation treatment with nitrogen flushing and one not
being subjectetNthereta:dn tirose (Sahmples) subjected totheadeoxygerdatiorrtreatmendtssithonitrFogen

flushing, the dissqlyed oxyggn congeniration was3,ppm,. Ihe samples were, subjectad.to.a.theymal
pasteurization treatment (autoclave, 120C, 1 min), thus preparing concentrated milk (composition

modified milk) £°"ce EGtdcehtrated WK tHatFad been SGbjettdd o' thé Pastetitizaiofi thedting) treatment

was stored at pegreaterthan 10C. dynamic viscoelasticity at-asheag rate ob0:5.s-Jafkthe caneentrated
milk and normal milk was measured at 10C using a dynamic viscoelastometer gPhysicaMCRBOl, Anton
Paar). [0033] ‘"SRt ré&Gard to fﬁgdcor%lekﬂtra‘%a ik AAVing tHe SAME ¢bhceRitrafion (Safie
formulation) amnd subjecteditomathemogenizationctreatment beforerthe pesteurizationctreatment; the shear
viscosity was compared for those on which the deoxygenation treatment had been,carried out and those

on which it had not , as shown in Table 4, and it was confirmed that the shear viscosity decreased for
concentrated milktsubjectetbto thedesrygenation reatmeént. Fukthermore leohtertrated miifie that had not

been subjected fg;the deoxygenatiopdreatment had ahigher shear, viscasity-tham that of normal milk or
concentrated milk that contained milk fat but had not been subjected to the deoxygenation treatment

shown in Test EXample1 “wtereas totitentrated Mk tHat"had been subjected to the deoxygenation
treatment had a lowercsheannyiseesityithandhat afsaomeah milkjddea toF@REOREENAtED: Milk that had
not been subje(%tead to the geoaxg/ %natvi%r; treatment, the texture on tht tongue wasasligr%% yniqcesirable,
whereas concéntrated milk that had beah sutbjec%eﬁl to te 8eoxygena Ion trea%‘nen?cha richness at the
same time as airefreshing feeland a desirabletexturedoh the tohgueh [0084% [Tabledtjnilk was

measured at 10°C using a dynamic viscoelastometer (Physica MCR301, Anton

Paar). With regard to concentrated milk having the same concentration (same

formulation), the shear viscosity was compared with respect to difference

in the order of the pasteurization treatment and homogenization treatment

steps, as shown in Table 3, and it was confirmed that the shear viscosity

was decreased by carrying out the homogenization treatment after the

pasteurization treatment even for concentrated milk having a concentration

(formulation) that gave relatively high viscosity even by carrying out the

deoxygenation treatment in Test Example 1.

[0031]
[Table 3]
Table 3: Influence of homogenization treatment on viscosity of concentrated
milk
. . Diff
Milk fat Homogenizat Shear l. erenc
Sample Concentra ; . . e in shear
. . content ion v1iscosity . .
No. tion ratio o viscosity
(%) treatment (mPa-s)
(mPa-s)
Before
Ex. 1A 1.3 1.5 pasteurizat 89.6
—on 46.0
After
Ex. 2A 1.3 1.5 pasteurizat 43.6
ion
Before
Ex. 1C 1.3 3.0 pasteurizat 93.7 39.2
ion




Table 4: Influence of deoxygenation treatment of fat-free milk on viscosity of concentrated milk Sample
No. Concentra tion ratio Milk fat content (%) Deoxygena tion treatment carried out Shear viscosity
(mPa.$) Differenc e in shear viscosity (mPa.$) Comp.Ex. 3A 1.2

16
After
Ex. 2C 1.3 3.0 pasteurizat 54.5
ion
[Example 4]
[0032]

[Test Example 4]

Skim milk was subjected to a treatment by a nanofiltration membrane
(NF) method so as to be 1.2 times (milk solids-not-fat content: about 10
wt. %) and 1.4 times concentration (milk solids—-not-fat content: about 12
wt. %), and cream was not added, thus preparing samples as fat-free milk.
Each sample was divided equally into two, one being subjected to a
deoxygenation treatment with nitrogen flushing and one not being subjected
thereto. In those (samples) subjected to the deoxygenation treatment with
nitrogen flushing, the dissolved oxygen concentration was 3 ppm. The samples
were subjected to a thermal pasteurization treatment (autoclave, 120°C, 1
min), thus preparing concentrated milk (composition modified milk).

Concentrated milk that had been subjected to the pasteurization
(heating) treatment was stored at no greater than 10°C, dynamic
viscoelasticity at a shear rate of 0.5 s 'of the concentrated milk and normal
milk was measured at 10°C using a dynamic viscoelastometer (Physica MCR301,
Anton Paar).
[0033]

With regard to the concentrated milk having the same concentration
(same formulation) and subjected to a homogenization treatment before the
pasteurization treatment, the shear viscosity was compared for those on which
the deoxygenation treatment had been carried out and those on which it had
not , as shown in Table 4, and it was confirmed that the shear viscosity
decreased for concentrated milk subjected to the deoxygenation treatment.
Furthermore, concentrated milk that had not been subjected to the
deoxygenation treatment had a higher shear wviscosity than that of normal
milk or concentrated milk that contained milk fat but had not been subjected
to the deoxygenation treatment shown in Test Example 1, whereas concentrated
milk that had been subjected to the deoxygenation treatment had a lower shear

viscosity than that of normal milk.



0.0 N0 223.0 167.5 Ex.3A 1.2 0.0 Yes 55.5 Comp.Ex. 3E 1.4 0.0 No 290.0 279.5 Ex.3E 1.4 0.0 Yes 10.5

17

For concentrated milk that had not been subjected to the deoxygenation

treatment, the texture on the tongue was slightly undesirable, whereas
concentrated milk that had been subjected to the deoxygenation treatment
had richness at the same time as a refreshing feel and a desirable texture
on the tongue.

[0034]

[Table 4]
Table 4: Influence of deoxygenation treatment of fat-free milk on viscosity
of concentrated milk

Deoxygena .
Milk fat tion Shear bifferenc
Concentra . . e in shear
Sample No. . . content treatment | viscosity . .
tlion ratio o . viscosity
(%) carried (mPa-s)
(mPa-s)
out
comp. Ex. 1.2 0.0 No 223.0
3A 167.5
Ex. 3A 1.2 0.0 Yes 55.5
comp. Ex 1.4 0.0 No 290.0
3B 279.5
Ex. 3B 1.4 0.0 Yes 10.5

Industrial Applicability
[0035]

In accordance with the present invention, even for concentrated milk
having a high milk solids—not-fat content, by adjusting the shear viscosity
at a shear rate of 0.5 s ! so as to be 20 to 100 mPa-s, concentrated milk
having a desirable texture on the tongue can be obtained, and milk and the
like that satisfy all of the three important elements that consumers desire
for milk (and the 1like), that is, and

'naturalness', 'palatability',

'nutrition/function' can be provided.



Industrial Applicability [0035] In accordance with the present invention, even for concentrated milk
having a high milk solids-not-fat content, by adjusting the shear viscosity at a shear rate of 0.5 5-1 so as
to be 20 to 100 mPa.s, concentrated milk having a desirable texture on the tongue can be obtained, and
milk and the like that satisfy all of the three important glements that consumers desire for milk (and the
like), that is, 'naturalness’, ‘palatability’, and 'nutrition/function’ can be provided. 18 Claims [Claim 1]
Concentrated fii#k having milk solids-not-fat content of 10 to 14 wt % and having a shear viscosity of 20 to
100 mPa.s at ashear rate of 0.5 5-1. [Claim 2] The concentrated milk according to Claim 1, wherein
the milk fat content is no greater than 3 wt. %. [Claim 3] A process for producing concentrated milk,
comprising a step of subjeetint’ Starig mifk t6 atliddxygeriation tréatntent beforé ahdfor aftér subjecting
starting milk to.a.cancendrationtreatment; :apd-subsegquently.carying euira pastewizationstreatment.
[Claim 4] The,groduction process according to Claim 3, wherein it further comprises a step of
carrying out a ﬁ%lrﬁ(l)gezrﬁization treatment. [Claim 5] The production process according to Claim 3 or
4, wherein it further comprises anstep of adjusting-the imilk fat content tone greatenthan 13 wia €. [Claim 6]

The production, (pnrgggts_sigcggr(gjj_%% 1o any one of Claims 3 to 5, wherein the concentration treatment is a

membrane concentration treatment. [Clam 7] The production process according to Claim 6, wherein
the membranel€éagentiation treatment is an NF membrane treatment.

A process for producing concentrated milk, comprising a step of
subjecting starting milk to a deoxygenation treatment before and/or after
subjecting starting milk to a concentration treatment, and subsequently
carrying out a pasteurization treatment.

[Claim 4]

The production process according to Claim 3, wherein it further
comprises a step of carrying out a homogenization treatment.
[Claim 5]

The production process according to Claim 3 or 4, wherein it further
comprises a step of adjusting the milk fat content to no greater than 3 wt. %.
[Claim 6]

The production process according to any one of Claims 3 to 5, wherein
the concentration treatment is a membrane concentration treatment.
[Claim 7]

The production process according to Claim 6, wherein the membrane

concentration treatment is an NF membrane treatment.



