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 conventiohal milk has in these respects are as follows.
‘Normal mik':has a gaed:imagedn terms efibeing naturalinagtificial apdagFepaiation for being tasty, but
there is a view that there should he 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 shoyld he mare autritious. ‘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' hé%%a good reputation in terms of nutrients such as calcium being abundant, but there is a
view that it is artificial and that the faste is unpleasant. [00Q3], ..., As dgsgibed abqve, there is no
milk that simultaneously satisfies the three important elements of 'naturalness’, 'palatability’, and
'nutrition/furecticly thvatréensumers desirey Furtlvermiorea tiie valures ttatscosumerscdedive forumnilk are
diverse, and it is necessary. tg provide new values. For example, as a method for improving the flavor
of milk, a method 2 pasteurization to thus reduce the odor of overheated milk has been proposed
(Patent Publicatior2dPatéent Publication 2). On the other hand, a category '‘composition modified
milk' is prow as a result of the revision of the Ministerial Ordinance on Milk and Milk Products
Concerning Compositional Standards, etc. The composition modified milk referred to here is one
formed by removing aispeeiit coapoment(water-bortert] etel) frothrwanilkalene (K30%eradwmilk) by
a technique.such as a membrane treatment, but excludes 'fat-free milk (skim_milk)'.and ;low-fat.milk
(partially sﬁllr%%ne(f arﬁk)'.g&%m%p(%%ﬁi)dn mtgﬁl%iedlrsn'ilk has 1?ﬁéapl(?sessi ility of%a[a?t%?ﬁl}%lt e tHreealnr%portant
elements that torisumérsidesirenfor milkcandaansweringtthes diversificatiomof vafues that ceasumers
desire for rgglkéioogg;%e cs As a %rspcteoslslfoowréoroducing such composition modified milk, processed milk
(concentrategl milﬁ) in which Tutritious components such as protein and calcium are enhanced by
subjecting starting 'milkrie lamembrarecgncentratienitnieatment, fahdia progessafofiproduicing isame
(Patent Publication 3, Patent Rublication 4).have ben proposed, buf siich concentratad milk . not
always satistactory T térms of textre on the B/hgue, etc. since tﬁe solids content concentration is

increased r{#riomAtt-Decusnents] 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 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 1is 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 conventional milk, high nutritional value, and good
texture on the tongue. Means for Solving the Problerfs [0007] During an intensive investigation

by the pregent inventors in arderto.aftain the. abayesmentionsd, object. it has,hean.found that. while
noting that concentrated milk having a high content of milk solids-not-fat has high viscosity, the texture

on the tongfe Gt beimproved bylredirdifg theWiasessity ©f concentrated milk, and as a result of

further investigatiog the prasent inyention. has been acgomplished, [0008L 4 ; 1khat is, the, pregent
invention relates to concentrated milk comprising 10 to 14 wt. % milk solids-not-fat ancﬁ)havmg a shear

viscosity of 20t 100 Pé.%@g@ﬁéaf{@a@éf (92} ﬂi@isteqj@r%h@rmbre?mecméﬁém inventibhkrelates
to the conegnirated milk wherein the milk fat cantent isno greater than 3wk, % ; . ; . Meaver the

present invention relates to a process for producing concentrated milk that includes a step of
subjectingrstaktingmilkte & daexygenation treatrnent efors iandfor aftet Subjeeting e startig milk to
a concentrgtion freatment, and subsequenily, carrying ot %Qﬁ%&?ﬂ'?%ﬁ@?@é%‘?‘i ,10009],
Furthermore, the present invention relates to the production process, wherein it further includes a step
of carryingroutiebhentogenization tréatmentludes Moréoversthe presentinvehtibh refatesoto-thre

production, process, wherein it inclydes a step of adjusting the milk fat content of concentrated milk to
no greater than 3 wt. 96. Furthermore, the present invention relates to the production process,
wherein theceenéentrationf treatrnént i & mermbranencontentratiemérgatrnent. c4nsumers desire

for milk and answering the diversification 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



[0010] 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. 96, more preferably 10 to 13.5 wt. 96,
yet more preferably 10 to 13 wt. 96, and still more preferably 10 to 12 wt. 96 of milk solids-not-fat, by
adjusting the shear viscosity at a shear rate of 0.5 s as to be 20 to 100 mPa.s. Furthermore, in
accordance with another embodiment of the presentqnvention, with regard to low-fat or fat-free
concentrated,milk, which has,milfat.content ot no.greater thap, 3 wi- 96, praferably less,than 3 wt. 96,
more preferably no greater than 2.5 wt. 96, and yet more preferably no greater than 1.5 wt. 96, by
adjusting thesshearvistosityedt & sheartaé of 0-51$2P3plag i3 e 2016 F00MPas thereBah!tse
provided congentrated milk that is excellent for beauty 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 completely new flavor and texture as a result of
a combinatjon of @'gpngﬁgql%t%geg}iggl@ﬂg solids-not-fat content, a refreshing feel due to its low
viscosity in spite of the high concentration, and a light feel due to the low fat content. [0011]

Moreover, iA@ctordance with yet another embodiment of the present invention there can be provided,
by & production progess thaf includes a.step, of concentrating.the milk.sqlids;natfat,content of starting
milk, a step of subjecting the concentrated starting milk to a deoxygenation treatment, and
subsequerntly & step of caryirigeout atpasteliization tréatrmentbeencentratedhatilk havimg miflikng
solids-not-fat.of preferably A0.g ., A6, mofe preferably 1010 15,5.u1. 86. et mare plefprafly 10 to
13 wt. 96, and still more preferably 10 to 12 wt. , and having a relatively low viscosity, that is, a
shear viscosity ©of 20 1ot 260 mParsatratsiecarrate ok 0.5esR1p{0042 PFurddermore; e aceorddrtce with
stil anothey embodiment.afithe Visnpaint oLt lossin iutrlious, componais, syeh as praigin
lactose, vitamins, ané minerals arid the viewpoint of improvement in flavor of concentrate miﬂ<, when
subjectingistartirtg enilk to aorrembranercondentration treatment, an MF membrane treatment, a UF
membrane Ug@ément, an RO membrane treatment, or an NF membrane treatment is for example
suitable, a[U membrane treatment, an RO membrane treatment, or an NF membrane treatment is
preferably suitable]izar R®, membranertreatmention ar N enembrane:treatmehtis moserpreferably
suitable. ap an N membrane reatment s yet more preferably suitable. By camying oyt nqnipermal
concentration by approprlatg]y selecting these membrane concentration tréatments, it IS possiI jle to
provide conhcenteated milkshaviagrexeekenttflaver and a desirable texture on the tongue without losing
the original nutritiogs ct%r%ponentstgg flaveosr oftthe milkt. .Modee fc%r Catrryitqq%Out the %nv%ngon,[t?]gls]
The 'starting milk' referred to in the présent specitication 1s a fliquid containing milk components, such
as raw milkherude mitk, whole fat-mikc, skim milkpangkwdiey: thanlTheweoneentrated milk' referred to in
the present specification is a Iit uid obtainetd ,bt}/ sutt)jiectingeEhe abotve-mentioned %tartinrg gﬂlk_to a
concentration treatment such a8 a Membrane ggﬁaré)triloﬁ mathod or & \/paifcoucuerﬁS’evﬁﬁo?affohl Tethod
and, furthereore, thet'eaneenkrated ik dnetude s adiguidobtained dyi addiionalinegarrying edt in some
cases a p%steurizatiotn,treaEmentt, a Qorglo enizatign trea%rpent, a kg:enttr;ifu attion tretatrgent, a falttk
concentrafion BGEHMERT tratmdit, et 58"s pre KD 6F A PSSy of tie Bhove-Hiéntion&d
concentrationstreatment: shatis, the: concentratedunilikuincludes; for example; sampasitioatmedified
milk whose milk fat concentration has been adjusted by subjecting concentrated milk obtained from
whole fat miikt6"% Bentrifugation treatment and composition modified milk whose milk fat content has
been adjustedbby adding cream, etc. to concentrated milk obtained from skim milk. [0014] 6 In
the present invention, for example, in order to prepare composition modified milk, raw milk is subjected
to a centrifugation%P&&ﬂ?ﬁéﬁl?foethﬁgeo%fﬁﬁ]egﬁiﬁW%ﬁHl(?Fééﬁ{a&ﬁa fifis 8RRk & Shbfechsd 88°Starting
milk to an Nfe membrane-treatment, dhels Preparngconcentaied MmilkBaving.adnik selidsmoet-fat
content of about 12 wt. %. Subsequently, the milk fat content is adjusted to about 1.5 wt. % by mixing

(adding) apart of tHECTe4RT olitAmed T thé cetftriflgationttaatiment ints the ¥Btdertratd® iiifc ‘and this

concentrated-milk-havinganilkesolids-apt-fat-content of abeut 12 wt Ye-and-amik fat.content of about
1.5 wt. %is subjected to a deoxygenation treatment and then to a pasteurization treatment. During this
process, a'HdthdgenizafibRtréatment is nbt essential, but it may be carried out before the

pasteurization treatment-orafter the-pastedrization trealmentates o this yway Ry subjectings s,
concentrated milk, whose milk solids-not-fat content has been adjusted so as to be higher than that of
raw milk aHBSFROBERTilIC FACEOM Tt ras Bé&a Beljiisted 13" BBI6W s RBEESSAR, toa Pastetitization
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 conitééntratieh, Gl atight Teéel 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
1t 1ic nnecible to nrovide concentrated milk havina a refrechina feeal in enite of it havina a hinonh milk



7 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 10te, 37 wt. 96, preferably 10 to 15 wt. 96, more preferably 10 to 14 wt. 96, and yet more
preferably 11 to 12 wt. 96. For conventional composition modified milk (concentrated milk),
processed milk, etén thettigher the mitk sblidsPiotfat eontert theTicherdt is, bt the refreshilvg feel
disappears,.and,if an.attempt is made o impart afefreshing feel, dhe richness disappears: in the
present invention, the higher the milk solids-not-fat content, the higher the effect of reducing viscosity
by a deoxygeriation trédttenhtyand sineective siseasity bécbmes Iowievén tisugbrthemaiflkk selids-not-fat
content angkhg eyerall concenicationis.uigh-itis pspibleto Jmpart aJefieshiag feslublle baving
richness. Therefore, in order to impart a refreshing feel and stronger richness in terms of flavor, the
milk solidsbrot-fatisoatenttiraysbeasetss assto- berelativeiphightorethe other hand frém tve ¥iewpoint
of concentration Jatig, 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. 96, etc. [0017] Furthermore, the milk fat
content of the con€entratedenitk atcordirgy to thve présentimiéntionis erotnparticafarty éinfited sbat the
effects of the present inyention caneasily be exhibited for.concentrated, milk that s classified as
low-fat or fat-free. For conventional composition modified milk (concentrated milk), processed
milk, etc., thid higher thetmnilk fat contents dve morerthatwichfiesstisimparied] bt thealight feel 5,
disappears, so that if an.attempt is made to i t richpess, the light feel disappears. Furthermore,
Since T L il oses ot o eIk Aebbtant i o o e Factort Sat B bingerout the
richness of mitk lit has thé prapledis: thatthe tasterisslightly wweak ardadt doesnot haver sirohg milk
characteristics, Jn the present inuention, the, composition.modified itk having a,0idh il solids-not fat
concentration has richness as well as low viscosity, and in rder to achieve a balance between a light
feel and richnessdhlterms of flevor, thenmitk fatcontentanay bessetat a lowtevel.dn the present
invention, by setting the upper limit, of the milk fat content at, for example, 3.0 wt. 96, preferably 2.5 wt.
06, more AN it SE: And 3ot HiotS pIGHEmthy 18 o e T Rl ot s Fineks due
to milk fat caatbeienhanted.rOntheiothenhandpinnsetting theulowerdimitrofthesmilk fakcontentat, for
example, 0.0 WE.G%GtLgreferag]go.l Wi, th,emQre gregegableySOth wt, 96, yet more, prefegably 9.3 Wt. 96,
and most ﬁr()enf@rab@ 5 Wi. ,Wﬁileriaklné into consideration countermeasures rétgoalnrs%%lnn(%\slaluation
of a 'slightlyuweak tasteh amd weak milk characteristics pessessed resnventional fat:freemitlg the
light feel can be ,enhancted,_and c_oncer%tr%tledhmilﬁ having a new flavor %nd t?Xt%rg canlb%LPro%/ided.
[0018] It leS|8F)oSclesys for f)%éﬁc%g concentrated mifk égcérod}hgat% the p%gsenfler?ventlgn, the
concentratior treatnfent inetudes,. but is not particularly limited to, a membrane separation method, a
vacuum ev%poration method and the like, and a membrane separation method is preferable since it is
nonthermal And tauses hardly any denaturing of nutritious components such as protein. In the
process for producingconrcentrated itk according tg dhespresent iaveption thednernbrane separation
method is preferably, but is not particularly limited to, an ultrafiltration membrane (UF) method, a
reverse ostSSRMEMbPIaRE (RO) Methiod, ‘didan8RofilttafiSHmembrang (RF)mbtHod 3ids thefe is
little loss of tugritiousceemponentsssyeh as protein; Jhe rverse esatesis membrane (R@) method and
the nanofiltration membrane (NF) method are more preferable since there is little loss of nutritious
components Stichas Protem: 186to5B° vitahiTs faRd THingraikt Tie Adnofilfration Ashbrana (\i®)
method is yet meake preferable sinee thereds litlle dJoss: of putitious Compenentssueh asdrotein;,
lactose, vitamins, and minerals, and the flavor 9 of concentrated milk can be improved due to removal
of a part of tHE tr&aZ iEctic atid! Avingvals todim: potassivm, ThiBRnES ey ete 1hthis process, for
example, ihis-possiblertouse the pancfiltration membrane {NFemethpdandithe reverse asmaosis
membrane (ROiB method in combination, and they may be arranged in series or in parallel to each
other. Morébvet, Té Tidrfibrane areds thetédfand tHe ratio theredf may bESet freBIy i Hdrdance
with the formulatian of cormposition syodified milk that isotonbe producednf0019]ate okn the present
invention, the deoxygenation treatment typically involves, but is not particularly limited to, injecting
(bubbling) et frrert gas such as nitrogen gas or argon gas into concentrated milk, or charging into a
tank in a low-pressure. g vacuum state concentratedimilk aftenit hasdhreen ateizedmage ipte a thin
film, etc. In this process, from the viewpoint of simplicity of actual equipment, ease of control, etc., it is
preferable®6tiiize A et gas. 1hithis ‘calsE Jorexaniplé L ffjeefing (Bubb g P antinett taRnirtee
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
nrefarablyvv no areatar than R nnm and vet more nreferablvv no Aareater than 2 nnm The



[0021] Furthermore, 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 high efficiency 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 itds also possible to suppress oxidation of milk fat
or milk progein,to reduge the viscesity. of.copcentrated milk, &te,Whenthe h nizafion reatment is
provided before the pasteurization treatment, since milk fat can be stabilized by atomizing in a
deoxygenateerstate ; oxidatienSanilk farer milk préfeirCart be suppressedstfectivelyl armr it i
preferable from.the, viewnoint of flavor. Qn.the gther hand, when the homagenization treatment is
provided after the pasteurization treatment, since milk fat or milk protein is heated, they undergo some
denaturing; inatavert if e Vistosisrirereastsiehe visCositydar be tedatedragant, Badirisgereferable
from the viewpoint af physicalpronesties. It is therefore.alsg prefgrable to cariy. out the homagenization
treatment before the pasteurization treatment and further carry out the homogenization treatment after
the pasteutizatioretreatmetit Mfo022ne traptthenpresentiAVertion, the Visedsiey meanssforrekample,
shear viscosity at A shear rate,f 0,5 /1 obtained using a dypamic, vissaelastomster, (Physica =301,
Anton Pear) , and this can be said to express a representative dynamic viscoelasticity at a similar
shear ratertosthat ity the stagedeforend lamiliEistgrinic and-swatiowed {innrediately afterbeniy placed
in the mouth), a3 explaingd below, For example, i New,Food Indystry, 2001, Vol 43, Na. 4. R24 to
30, the maximum speed of water at the stage when water is drunk and swallowed is measured to he
about 0.7 s¥$asinguitraseunehinahis case;ras anecexampleidhesdiameter of she lruhvaprphadmgeal
region is abont Job mim, and hean he estimateg therefrom hat ihe shear,als atihe stage whan water
is drunk and swallowed is about 50 s71. While ta Ing into consideration some difference in viscosity
between ntitkand waténut canshe estimateddhat thewshearirate attie stage whehlmilkisdrurileand
swallowedmi§l 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 present invention, the shear viscosity at a shear rate of 0.5 51 spreferably 20 to
100 mPa.sg,or%?e %[t)grrefeéraaﬁ%/”ibqto %%5 r%hF?a‘.eIs?\é%%)llgP more preferably 20 to 45 mPa.s. In this
case, in 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 withoutTg%ltatg'%yagretrllé]t?oﬁn Jtri(e?(z?ltmrgente, )iﬁ%dghtegarl\r}is%%%i ata’s esé{)rer%fté£J ot 0.5°871 s feduced
by at leasti5 mPa.sppreferably bylat leasicl@ mRa.spmokes preferably by-atitzasti 20, mPa.se and yet
more preferably bg/ at least 50 mPa.s, and as a result the concentrated milk according to the present
invention Aas & shéar" vf%lc%)]%’ltyaélfj a'Shear rate of 0.5 571 of 20 to 100 mPa.s. [0024] The present
invention is explained indufthertdetaikbelaw by ¢eterence to Exampless bt the-prasantinvention is not
limited to these Examgles and may he modified in a variety of ways as long as the modification do not
depart fror the Tathnicaisdbpe of the' pressnt ‘rﬁv%}h?io%k?cfé?(arﬁ%lelffﬁfoz%aiﬁlﬁgesrf]é%arﬁﬁlea1]
Skim milk was-subjeciedio-adeeatmentbyra aanofilkatioanvenpeane {DiF aetbadso asvto-hend .2
times (milk solids-not-fat content: about 10 wt. %), 1.3 times (milk solids-not-fat content: about 11 wt.
%), and 1.3 RS BeMtraioh itk sOHESTBErat Tonteht: alSOGET I ¥%) ARG cré3it Wik afided so
as to give 1i5wita ana 310wt rerean eaptent; thus:prepayingtsamples-withs predetesminedzat ion
concentrations (formulations). Two samples having the cream content of 3.0 wt. were prepared, and
the concertrafibiTate i§ 18 tAGE 167 ord shhdle ard 1.2 findsrorthiedttert After e safmpias were
subjected te achemogenizationtseatnent -eachanas divided equallyeinte &wos that is,sane that was
subjected to a deoxygenation treatment with nitrogen flushing and one that was not subjected thereto.
In those (saAMpfEd)*SuBjetted 16 the WecKygenation treatmient with Hitrogen fiishing, tHE HiSE6R~Ed
oxygen concentrationiwass3 pppr Thesanplessvers subjecteddora thermakpastewization treatment
(autoclave, 120C, 1 min), thus preparing concentrated milk (composition modified milk).

Concentrated Thilk that RAd 5eeAstbjatted t6 the¥pastelifiZativh teafingy tredtnientwaktstored at no

greater than 40Gnand dypamicviscoelasticityat,a shear rateal0.56 Slqofthg.canceptratedimilkand
normal milk were each measured at 10C using a dynamic viscoelastometer (Physica MOR301, Anton

Pear). [0026]'% "PaRfitHregardo cohcéEntratet nfifkChading theSame eofcertratiof(samée - =°
formulation),andsubjected 19,a bemagenization treatmentbefore the pasteurization treatment, the
shear viscosity was compared for those on which the deoxygenation treatment had been carried out
and those Bwhich 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 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, andl 10) had increased light feel and a new flavor

and texture compargd yuth,concentrated: milk thathad heen subjecied 1o the-deoxygenatiop;treatment
and had a relatively high milk fat content (Examples 1D and 1E). [0027] [Table 1] Table 1: Influence of

deoxygenatish frextrmié Ak or 9iscoisity bf corcEmtrated mitk Samplé N6 t Eohceraaiort rafioRhik fat
content (96),Degxygena.tion treatment carried-qut Sheaar yisosity (MPa-3Ly 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 1.5 wt. % 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 are only to improve



Differenc e in shear viscosity (mPa.$) Comp.Ex. IA 1.2 1.5 No 134.1 64.2 Ex.IA 1.2 1.5 Yes 69.9
Comp.Ex. 1B 1.3 1.5

7

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 the milk 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



No 188.9 99.3 Ex.1B 1.3 1.5 Yes 89.6 Comp.Ex. 10 1.4 1.5 No 322.6 293.2 Ex.101.4 1.5 Yes 29.4
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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 1limit 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 1imit 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 is 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. In 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. 1In 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 1is
preferable from the 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 pasteurization method (Joule thermal pasteurizationmethod),

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



Ex.IE 1.4 3.0 Yes 22.0 Ref.Ex. (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. 96) and 1.4 times concentration (milk solids-not-fat
content: about 12 wt. 96), and creamwasaddedso as to give 1.5 wt. 96 and 3.0 wt. 96, thus preparing
14 samples with predetermined concentrations (forrﬁglations). The samples were subjected to a

deoxygenation treatrent with nitrogen flushing.and.a thermal pasteurization treatment(aytociave,
120C, 1 min), and then to a homogenization treatment, thus preparing concentrated milk (composition

modifiedmikE"PrtHosecfsahpres)isubjeetad 16 therdewdigeratioritsatment Wit Aittogeashusting, the
dissolved Q%XQ%B&OB%BQP@P&W""%%PBMng the effect of reducing viscosity by a

deoxygenation treatment, etc. In the ultrahigh temperature pasteurization
method, heating may be carried out at, for example, at 110°C or higher for
at least 1 sec., and heating is typically carried out at a temperature of
120°C to 150°C or 130°C to 140°C for a retention time of 1 to 5 sec or 1
to 3 sec.

[0021]

Furthermore, 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



Concentrated milk that had been subjected to the pasteurization (heating) treatment was stored at no
greater than 10C, and dynamic viscoelasticity at a shear rate of 0.5 529 of each concentrated milk was
measured at 10C using a dynamic viscoelastometer (Physica MCR301, Anton Pear). With regard to
concentrated milk having the same concentration (same formulation), the shear viscosities of the
Comparative Examples in Table 1, which are shear liscosities without the deoxygenation treatment,

were compargd with the,shear viscasities with.the:deoxygenation reatment. when 8 homagenization
treatment was carried out after the pasteurization treatment, as shown in Table 2, and it was confirmed

that the shearvigéasitybieadrtentfaederifRedghjectelteto tive ddexyigenationtPeatvieht ids decreased
by carrying ous the hgmggepization freatment after the pasteurization treagment, [0029] [Table 2] Table

2: Influence of homogenization treatment after pasteurization treatment on viscosity of concentrated
milk Sampie N ebheertra tionsatior MilK-fatcoritent {96) Deuxygena dion treatwiett cafied ot Shear

WSCOSHY(%ﬁﬁ%ﬁnééxd%%3%§%%§1e, 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 st.

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
present invention, the shear viscosity at a shear rate of 0.5 s is preferably
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 st

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 6f 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]



Yes 43.6 Ex.2E 1.4 1.5 Yes 31.6 Ex.20 1.3 3.0 Yes 54.5 Ex.2D 1.4 3.0 Yes 21.8 [Example 3] [0030]
[Test Example 3]
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[Test Example 1]

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. %), 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. % cream content, thus preparing
samples with predetermined concentrations (formulations). Two samples
having the cream content of 3.0 wt. % were prepared, and the concentration
rate is 1.3 times for one sample and 1.4 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



Skim milk was subjected to a treatment by a nanofiltration membrane 15 (NF) method so as to he 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 subjected to a deoxygenation
treatment with nitrogen flushing.Concentrated milk (composition modified milk) was prepared by
carrying out a thermal pasteurization treatment (aut élave, 120C, 1 min) after a homogenization

treatment and Ry, carrying out a.hgmogenization freatment.after aithermal pasteurizationfreatiment
(autoclave, 120C, 1 min). In those (samples) subjected to the deoxygenation treatment with nitrogen

flushing, tHeaissolvedoxyger dorcentratibAstas Ppphted toCarfcalftratet haillkd fiatthad ert
subjected {0 the pasteurization (heating);treatment was stored atne greater than 10¢, and dynamic
viscoelasticity at a shear rate of 0.5 579 of each concentrated milk was measured at 10C using a
dynamic v@%délasfém‘é‘%ér- (PEFWS%)@WF@@OPPAﬁ?QﬁPé&ﬁ. Wilth r@gﬁrwﬁﬁcbﬁ%@mr&é@%ﬁﬁ faving
the same concentration (same foraulation). 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,l§rr_1dait1vvé§ bdrﬁﬁrrﬁedrtﬁawﬁelsi@ér ff/i%%b&?it}ﬂv@a@%ieccréa%@ﬁ bydcéﬁymg@_lmhea_red
homogenization reatment after the pasteurization treatment even for concentrated milk haying.a
concentration (formulation) that gave relatively high viscosity even by carrying out the deoxygenation
treatment m¥estExample 11 {0031 [Eablel 3k Tabte Sr1hfloencexairdrtogénizatiohftreatment on
viscosity o{ ggglﬂentrated milk Sample No. Concentra tion ratio Milk fat content (96) Homogenizat ion

[Table 1]
Table 1: Influence of deoxygenation treatment on viscosity of
concentrated milk
Deoxygena .
Milk fat tion Shear leferenc
Concentra , ) e in shear
Sample No. . . content treatment | viscosity . .
tion ratio o . V1sCcosity
(%) 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 cream was added soas togive l.5wt. $and 3.0 wt. %, thus preparing



treatment Shear viscosity (mPa.$) Differenc e in shear viscosity (mPa.$) Ex.IA 1.3 1.5 Before
pasteurizat ion 89.6 46.0 Ex.2A 1.3 1.5 After pasteurizat
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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 MCR301, 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



ion 43.6 Ex.10 1.3 3.0 Before pasteurizat ion 93.7 39.2 16 Ex.20 1.3 3.0 After pasteurizat ion 54.5
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(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 subjected to a
deoxygenation treatment with nitrogen flushing. Concentrated milk
(composition modified milk) was prepared by carrying out a thermal
pasteurization treatment (autoclave, 120°C, 1 min) after a homogenization
treatment and by carrying out a homogenization treatment after a thermal
pasteurization treatment (autoclave, 120°C, 1 min). In 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 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
Milk fat Homogenizat Shear leferenc
Sample Concentra ; . . e in shear
. . content ion viscosity . .
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




[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 anifone not being subjected thereta. In those
(samples) suEbLectgd ta the %egxygenation treatment with fiffrogen flushing, the dissolved oxygen
concentration wWas 3 ppm. The samples wéere sub epcattseaietg)ial thermal pasteurization treatment
(autoclave,; 120C, 1 min), thus preparing concentrated mitk (composition modified mmitk}.
Concentrat&danitk ¢hdt had been subjected to the pasteurization (heating) treatment was stored at no
greater th 10C, dynamic viscoelasticity at a shear rate of 0.5 s2lof the concentrated milk and normal
milk was measured at 10C using a dynamic viscoelastometer (Physica =301, Anton Pear). [0033]

With regarditesthezgemnpéatrated milk having the same concentration (same formulation) and subjected
to a homogenizatiqp freatment before the pasteurization treatment, the, shear, viscosity, was, compared
for those on which the dnéoxygenatlon treatment had been carried out and those on which it had not ,
as shown iWTabte dh@ahd it wastconfirmed that¢he ghidar vistosityrdecreasecbforeconcentrated imilk
subjected {g the deoxygenation treatment, Furthermore, concentrated milk that had not been gybjected
to the deoxygenation trea%merlﬂeha a higher shear Viscosity than that of normal milk or concentrated
milk that centaited mitk tatdbut had not beemesubjectedotoethe teoxygenation treatmentshowrkin Test
Example 1E Wtﬁereas oncentratde.d rgilléthat haldllbee.n tsubjtected to thebdeox genation trgzatment had a
lower shear Viscosity than that of normal milk. 17 " For éohcentrated mitk thathad not been
subjected te the geoxygenatientreatmenththe textire ondbeitongue was slightly imgdesisable,ashereas
concentrated milk that had been subjected to the deoxygenation treatment had richness at the same
time as a refféshing feel ahd s desifablatexttire On the tongtie. T0U4] TTabie 4] Tabld"3" nfiiehce of
deoxygenation treatmentof fat-free mids onviseosity of-coneentrated mitksSappple No.Congertsa tion
ratio Milk fat content (96) Deoxygena

were subjected to @ 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 viscosity 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.



tion treatment carried out Shear viscosity (mPa.$) Differenc e in shear viscosity (mPa.$) Comp.Ex. 3A
1.2 0.0 N0 223.0167.5 Ex.3A 1.2 0.0
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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 Dlﬁferenc
Concentra \ . e in shear
Sample No. . . content treatment | viscosity . .
tion 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, 'naturalness', 'palatability', and

'nutrition/function' can be provided.



Yes 55.5 Comp.Ex. 3E 1.4 0.0 No 290.0 279.5 Ex.3E 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 0.5 579 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 consuiers desire for milk (and the like), that is,
'naturalness', ‘palatability’, and 'nutrition/function' can be provided.

[Claim 1]

Concentrated milk having milk solids—-not-fat content of 10 to 14 wt %
and having a shear viscosity of 20 to 100 mPa-s at a shear rate of 0.5 s '
produced by subjecting starting milk to a deoxygenation treatment before
and/or after subjecting startingmilk to a concentration treatment for making
milk solids—-not-fat content of 10 to 14 wt %, and subsequently carrying out

a pasteurization treatment, and carrying out a homogenization treatment

after the pasteurization treatment.

[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
subjecting starting milk to a deoxygenation treatment before and/or after
subjecting starting milk to a concentration treatment for making milk
solids—not-fat content of 10 to 14 wt %, and subsequently carrying out a
pasteurization treatment and carrying out a homogenization treatment after

the pasteurization treatment.

[Claim 4]
The production process according to Claim 3, wherein it further

comprises a step of adjusting the milk fat content to no greater than 3 wt. %.

[Claim 5]
The production process according to Claim 3 or 4, wherein the

concentration treatment is a membrane concentration treatment.



18 Claims [Claim 1] Concentrated milk having milk solids-not-fat content of 10 to 14 wt 96 and
having a shear viscosity of 20 to 100 mPa.s at a shear rate of 0.5 s21 produced by subjecting starting
milk to a deoxygenation treatment before and/or after subjecting starting milk to a concentration
treatment for making milk solids-not-fat content of 10 to 14 wt 96, and subsequently carrying out a
pasteurization treatment, and carrying out a homogéﬁization treatment after the pasteurization
treatment. [Claim 2], The concentrated milk according to Claim 1, wherein the milk fat content is
no greater than 3 wt. 96. [Claim 3] A process for producing concentrated milk, comprising a step
of subjecting startiRgemitk b & detkyrfetvation deathtentbéforelandl/or affeesabledtity Beartiremilk to a
concentration treatment,for.making milk solidsgpotsfaf content of 10,1g 14 wt 96, and subsequently
carrying out a pasteurization treatment and carrying out a homogenization treatment after the
pasteurization treatment. [Claim 4] The production process according to Claim 3, wherein it
further comprises a step of adjusting the milk fat content to no greater than 3 wt. 96. [Claim 5]

The production process according to Claim 3 or 4, wherein the concentration treatment is a membrane
concentration treatment. 19 [Claim 6] The production process according to Claim 5, wherein the
membrane concentration treatment is an NF membrane treatment.



