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through a sigMgnheMvire@riBbdg m%fbe&nﬁ@c@ﬁstasmo 08 (&aBI @B e MRV, B8 SifRhke MBSh

size, and then it is n t he sa this wa owdered m |k
v ho- nneCERSHES SR RIhPE e & RRT A d R DRSS R ST REOS e | s
renmoved. Thereef eneliqpowdés @deni-hkshavi Reprefarabdngeand inpeeasafiympatid cl e
dianeter is renmained on the sieve having small nesh size. Nanely, in the
present process powdered m | k obtained at the spray drying process is
selected by particle size. In addition, this process can be skipped if
necessary facilities for the classification cannot be prepared. [0033] The
conpaction nol ding process (S130) is a process for obtaining a solidified
conpaction nol ded body of powdered m |k by conpaction nolding (for exanple,
tabl eting) powdered m |k under relatively | ow conpaction pressure. This



[ 0036] I n the conpaction nol ding pr ocesS, in order to obtain a solidified
conpaction nol ded body of powdered m Ik from powdered m |k, a conpaction
nmeans i s used. A pressured nol di ng nachi ne such as a tableting machine or a
conpressi on testing rrachi ne is an exanpl e of the corrpacti on neans. The

tabI eting machine. co lig ,as a d for. po ) and
2 bunch Tor FATREeTBvoRacr 8t EuPied i et BT TR T atvbBRRREK, ot o
t he di BO2AbI dhapegsens lmﬁentltbl}/Of héequ@hlehnaralﬁ@tulh@nneth@d)nﬁadmmnk melwdiesl abody
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RH to 50 per

(preferably ]%Q'%Sb E?alélg fi%lt Q‘Ja ng%fr‘%{ %e(%?ﬁ%‘g @ aﬁl &oﬁ%é&a er ed
mlk is soliRfiWdess mik ef eﬂ ks@n b%?lth}m%i evhrasolty dcompmtnnamqlé%@cbff 30
pe&gentg to &fbon@i@f‘eet%ﬁl'( ?lag(}ﬂldhalgpd%%uﬁiblé hedﬁam? 1h&[l§gﬁegﬁ%wyt of
powder ed m is contro [ y adj usti.ng
within a rantg%ub‘flg fanpspogu Qfgl iﬂi%fg%‘fw‘&ld %@i%‘?g‘/ HPEaEigrurng ﬁ?eéhqge%fd§ lidg
produce hi ghmik iddudes sothitbe pad dispeasal papcbst(B1 sD)launbithd dlyssEndticopieaisence
(easily hand(lr§ 9@ Mor eover, as hardness of the conpaction nol ded body of
powdered mi | ardness should be at |east a certain degree for keeping
good Si0PBduet Fethenobrel agioning haqhepuat:nttihmnsinbeéq ventifadetiminginidtbed dfowlidr ocess
and drying %gggg]b 1 Ss
(S140) is a%&%ggi‘%{a le hum ﬁd Cﬁﬁlgl}]}o%e%co ?%ﬁgpengﬁlkca%&%;h ag(g&ggv\der ed
m |k obtai n@cﬁtebyomn@t@anyé@mgemwmncﬁ lnggfp@ gs%%m@wmmen WiHEn @gdtieEct i on
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mol ded body o(i’fmdagl&‘iﬂ@s%ﬂd'i'ihﬂl&n(tld@ﬁélb@zdde‘éélﬁbe@ emaﬂnb)esbef ore hum dl fl cation
proce
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tlnE|sI|m ransporii £ | ded body of
powdered mi | é&gﬁcag@%ﬁ%énﬁgpmgeﬁs n?ip( gtntamegg?' mo(??lﬁ gng{%ele l|ﬂ}o)tnq$nal di ng,
shape of t heresofibadl siid (ldlmamqmelaridernksepwhemltdass@lvoa‘tdmwhfswhenwakmldness of
t he conpact %ggbrﬁgltgggar}?@glynéags d}gg\mgﬁggomgrgd +@k the other hand, solid mlk
with snall por05|ty and poor solubilTty 1s obtained if hardness of the
conpacti on rﬁff‘tﬂtnﬁ the éyvesrtiahe powdered nilk is too enough at the time of
conpagiRi rrqhqbéwdanw%aftﬁé gresa{tqﬁenaehysuatablb§o@eeﬂaa%ﬁmr mhqa@mfrng

havi ng enough har dness of action nol ere
(uncur ed soP?if HilKERn B%F%ﬁ”é H‘\ﬁﬁiﬁcdii Py eapp! Brﬁim&?@&@s?spiéﬁdm‘%ééﬁfi HdiBYo

sol ubility of as@tdcebed {leay A&ﬁﬁ&]a!u@ ﬂlbeOMmedlﬁunlcatoa@&dnmm@s\a has

hum di fication nethod action nol ded .k is not
epect T car | 9FRgLF AR ORI BY AMAB I oA T t&aaﬁfgneﬁdamﬁf oRl ﬁum- dity
envi ronnment mik wih hodbof hagilrese fdryprapralyisagamat erodwidch Fartbgprayerhardurek a

met hod of b - ans
o harm di £y ] T A O b i B TR T A IRl bl W

hi gh- hum di Pipce¥sanber, a sprayer, and steam [0040]Hum dity of the

hi gh-hum dity environnent is, for exanple, 60 percents RH to 100 percents
R -1. The tenperature in the nmethod of placing under high-humdity
environment is, for exanple, 30 degrees Cto 100 degrees C. Hum dification
time is, for 10 instance, 5 seconds to 1 hour. [0041] The anount of

noi sture (also referred to herein below as hum dification anount) added to
t he conpacted body of powdered mlk in the hum dification process may be
appropriately adjusted. Preferably hum dification amount is set to 0.5 nass
percent to 3 mass percent of the mass of the conpaction nol ded body of



11 warm wat er and drunk. More specificglly, warm water is poured into a
container provided with a lid and then the necessary nunber of pieces of
the solid mlk is placed therein, or the water is poured after the pieces
of the mlk are placed. And, it is preferred that the solid mlk be rapidly
di ssol ved byl i i n ainer and drunk in a state with an
appropriate pg@é%ﬂiaﬁ%hﬁmgﬁﬁgén one or nore than two pieces of the
sol i d FA0RR] ( rfiy: HFj. éfies Ablvygharofve dpsceibingothe st invenkipn bfa diesiwal foe dndru- war m
water, a vol @Rrﬁ% ]ga m |k can be adjusted to be necessary amount of
I|qU|dmIk oro rinking. For exanple the volunme of solid mlk is 1 cm
to 50 cm . MiieedVieer 2 is hélowgham’@l ekplaimengsioldethilnthe Rowderedh enibidhasttadiuinyg

changi ng amﬂggesgfde%\gg@;rpgho@ bkpphich is used at the conpacti on mol di ng
process. [004 tal s of solid mlk are described follow.ng

conponent s offigstFigd 3siows ag@pba%fileaémgf repdAshinpetivsen ﬁ@sauzsratﬁ&mml&tm | k
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pref erabl y difgpdFged shows agrdpy 11Qcﬁézsh1giabﬁtaad1)stb¢theershélﬂnlesmahck poBety(kle the
pores are al ) i Ik is
uni formy d| ﬁtntg{% gggéﬁt% Oqaﬁ[yrduls%qtﬁgd Fg?égbggﬁqf)&ge (HS/ ne E)B%Idgl%fj k#ggn case,
since the |a@l§@#le@wldbmﬂkl bieclpogdg capwactiqnepressyicest C@H’lpé‘?tl(élsmﬁldgtﬁ vent
penetrates tﬁégzhﬁln% to@hdNoli r8ift 8Pkt drtiple ¢ B arddeC QRpB1sB8 ExafPlctne ot her hand,

if the pore & fﬁ(j too large s&renth decr ses or (I:E);:' surface of solid
mi 1k becomes! Ew 5 ARt YERGh jrdieaeEadrRuensEP Peiweg Chk g rae irgreent] at

m croneters mmﬁﬁkﬁuﬂﬁhg:p@med milkknd hhwes of @uidhe parie tisd seeoml tegtirg@iosal  of

many air gaps ca means, .f.or anpl e, by
observi ng thré-n’g%1 é&e&l ggg(xgl\é%A 8@5’&”218?{1%()%)%@%@% a scanni ng

el ectron m c[rflgédﬁqge6 1SB_yg1tapb§@ m@astmmmtwnﬁop bstivtegn pprosvy (4 partdateddn be
defi ned. %%?%eﬁ%? aﬁ@hélﬁné?s F {gﬁp@&fc‘)ﬂr &13%} é)tokl%eférdqﬁl func0M%EREL;EEN TS
solid mlk por osi exanpl e ercents to percents. The
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smal |, solu crea The or03| ontrolled by adjusting
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hi gher the pressure i 05|t i S. "

Sor1d mik Labugidh wdeelapen it Bl PRSP b e Fmd3fa BILARE IR n°a
range of 30<@®$ﬁedm9“ﬁorﬁo percents, and then the porosity |s appropriately

adj ust ed as hi n

t hose ranges%gotoj éﬁ;ﬁggﬁ girdg%::? ggﬁ%?%‘&fép% t?g:i :ﬁrhﬁefs ? gﬁdjﬁ &%git 3E)e can
be obt ai ned.PefOEOTIREC agfanuas iyl FRMPpARN 1E0 eyt lﬁ’?w ﬁ@ mﬂbe of
the die (mol@hcd&l s&f@lrfﬁﬂk?)t &Déhaﬂgilnglcﬂﬁ pa@in présst®e AebmpRenfhedldgy 11 m ted
Shape of T ouREa<o TerplipEHibar PodRle 7&%@%;%%5%%&%%#&?3&2“&%22

pl ate, ball s{flgmwlggs)siaiwsra)glaph pmihqagﬁgalrelamlp tpmk/y@omﬂnq@ya@mrp@ismy @2 and
pol yhedr ons. ﬁ{’n 7t5h e1cen 0?9' énuPact &4 \e/(?eqqilaa%?gg nglr s lsog:l'yrg)g pgwg red mlfkar

transporti né’e Cte roun réct angu

par al | el epi rﬁemrqtctsqbndeﬁék)r’talcbhaﬁgmg hemparton plessmrecbémmpaqamm@iﬂlmghe solid
mlk fromfr, SR t the corner
portions be I?%%ng&thg%h@%%e sol ?{éﬁémggllg) dﬁltgs&?%ﬁlgégﬁgggg%?gl n solubility
in a sol ventBesidvioske earrying evf the linvgnélem be eval uated by the tine of
di ssol S esi due of
es gﬁdﬁﬁsCﬁliéggléﬁ{)éeﬁlfg@ﬁegﬂéxée\’oﬁ% %&Q&M@%tlr@@gfjfe G éc 1%841 ﬁ&&&ee)ﬁ(ﬁanp

when solid Apllaviag egbodinangs 2ipd mﬂte}y mm@hﬁmtmmﬂmr@fom disae embq‘)@meats
speci fied copgsdtdRtRd d-evalng HOBIRLI RRoWRUEoM bl SQuhas (hoahave a
certalg Qﬁrdness (str ngt h) to revent it fromfracturl ng duri r}%

transporat i oHEUTHES & Oiw&hi*ﬁt f ﬁ%?@?bé%m FaaRse 8" Rardness ettt Naor hi gher,
more pref er abdiyoddr Niatfabivgihesolidntilki fSjdasesh Qurt heaot hetanh@odringr om t he

st andpoi nt of solubility, the maxi num hardness of solid mlk is for exanple
300 N, preferably 60 N. The hardness of solid mlk can be further neasured
by wel | - known net hods. [0053[ Now t he powdered m | k manufacturing process is
described in detail. Fig. 2 is a flowhart for explaining in detail the
powdered m | k manufacturing process described in S100 of Fig. |I. In this
enbodi ment a case of nmanufacturing nodified powdered m |k as powdered m |k
is explained. The nodified mlk is sinply one exanple of the powdered mlk
to be produced, if the powdered mlk is suitable for manufacturing solid



further may conprise only mlk constitdent, such as raw nilk (whol e fat
mlk), defatted mlk, and cream In this case, the ingredient mlk

adj usting process can be 13 omtted as the need arises. [0056]M Ik is used
as an ingredient for the said powlered mlk. Fresh mlk can be used as the
ml k. Mre s géfl( ﬁl“y mlk fromcows (Hol stein cows, Jersey cows, and
the |ike) e) and buffal os can be used. Fat is contained

t heir IrQOI3Q] Tﬁbﬁmethﬁ)é Qf@mnefnctufmg|sehéfrnlkkanr0¢iweﬁ rehematiralbyatoliganididfrost ed by
removi ng pai poviderddgitkah H¥oREBE L k&li&@hmﬁ@@ﬁ%@héé&rﬁ&ﬁ filk€or hé@fied Mk ihhe

fat content rate of the ingredient mlk) can b dj ust ed.
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concentrate or
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i ngredients for po ered Ani mal l's and are for_exanple
fat, lard, Heefths disealoragngof ¢xermalsito p\%&‘é@ AB¢tallopf Bisgreceppwil] hrdesgabed
soybean oi | ,bel@pPB§asidg ¥id. 2. corn oil, coconut oil, palmoil, palmkernel
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[0063] The s R! such
bs bacteri a1 pag 68 bledAnRIPERRR e BN BERUER bbbl bl D25 P ARG POF
const i t uent .thacsai eandygewpvest @nmlaﬂlmd@rﬁd(lgﬂlerfm thx@attmearpowéﬁq@émimpeesm

hol di ng ti ngjrof %}?a S PE %hgh@l rMes%esEzeQQEét%%WéUer}ﬁvh% ST @ GANL S Bhen
because kinds o he m cro-organi snms supposed to be actual 'y contal ned

depend on t ¥ PEROTRYUN dhsrianie V1006 H)iTHaY HRSHBisEst Rak NBHn B HBRwssapsToE) |
any process phoiclhdirpgenthat pg;séa ﬂwduﬁghrrhé gqevea@eeﬂntw&aMhyx,efcﬁar;iduedeeeddhaﬁet er

of solid conponents suc h es contained,in the liquid m! IS
changed- smalTOPE TATIE RORC B3 o URBOHETRE AranTR & eyl SAEPSaBeln ¢ he
cow m | k. Tm%bduee\mrhelypmrthe pteeerdlpmmepoxmelabimlﬂ omerth@s,pmm;’n@r e
passed thro

[ 0065] The cg%%g%tlgg‘%llé%%\%g %lél{sa[e S? 1 %1&1‘12'&12?]1{15 gr oc%}s}s?ﬁ ?2?@{6 %&% Sng t he
liquid mil kfagpiticsrfor Be chesibedtivn-gareirbieisepasest ay dryi ng pr ocess. For exanpl e

a vac gms?v am'é%bﬁfpa&tﬁﬁ Igada{g ﬁ»@&@@i;@ﬁ) 1§zﬁ9m@5‘sslf§let%tﬁ19fng%0§b%@meﬁat i ng
i qui k. The conce rop rla set within the

are a

range of nofPRPHHY WH%&@‘?‘%’H&&W&‘?{ qdcfm“a bmr&lpgﬁwdml foritxampleads t o
obt ai n concefletaiepowidrkd fimrldeel giveiyl lkw Nafprbyon pRsdube m&@&&[@tm keep
invention, preferably a gas is dispersed and spray dried into the
concentrated liquid mlk (concentrated mlk). In this case, water content
rate of the concentrated mlk is for exanple 35 nmass percent to 60 nass
percent, preferably 40 mass percent to 60 nmass percent, nore preferably 40
mass percent to 55 mass percent. \Wen dispersing a gas into this
concentrated mlk, density of the liquid mlk (concentrated mlk) is
declined and the m |k becones bul ky. By spray drying this bul ky



[ 0067] The prescribed gas is preferabl y8pr essured in order to disperse the
prescribed gas into the liquid mlk! The pressure for pressuring the gas is
not especially regulated if it is within a range enabling the gas to

di sperse into the liquid mlk effectively. However, for exanple it is 1.5
atmto 10 at - : L Qul 1 1S
sprayed in t e“?%‘i?%'%@%y%‘%ﬁ Zsyméée&eg)é%%? (S)gﬁepsaég?@TfE% 8%:6?%8?%&!#%&&}11511@ | owed
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di spersal prookis shapenrahtyt 6f kdpnet the qubsdqudnt krocds. Vooswentthiapethsity bkhel s

decreased, and appeara val u ul 4. S Lner ed. Fi.lling densi of
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di vi di ng by tehsesttotpalosuplotisgidofilki quid nmil k at |iquid and bubble state. It
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10069] Conseqidhraduced by thg nemidrrediiaiie mepafagieag prasess (§a0) @ndiesiset-sed i s

flowed at thRadbRYpIRMECHEM vitHd0t Batife subRtahfhiadtl W cR@bbusedoTHERAditiqw Of
the liquid mlk is a%ef, er a%iﬁ{lgcont rolle e constant. 53070 In the

led to b
present enbddfHER 2 Bod CEERY ¢ LUATSAR- 87 SXRAEOP A8 AAN SHEMAE] as a
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the present invention, the gas is dispersed within the abovenentioned range
for the powdered m | k having suitable character for producing the solid

m | k. However, to decrease the density of liquid mlk certainly as a result
of having dispersed the gas into liquid mlk in the gas dispersal process
(S112), a gas which is easily dispersed or is easily dissolved into liquid
mlk is preferably used. Therefore, a gas having high water solubility is
preferably used, specifically, solubility of a gas is preferably 0.1 cnB or



LOO761Furtherinore, according to the abovenent i oned enbodi nent (Fig.!),
average particle dianeter of powdered m |k can be bigger by the nmethod for
manuf acturing solid mlk including the classification process (S120).
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[0093] The first test method 1s a neth for checki ng vi sual lO%HSOl ubility of
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C and Test b ineT@lﬁthénf&@s@%'c@ﬁQn%h@W} theSHRIcAS! rﬁh@ﬂ%d% thdIB gRQAdH: By
concentration, chan n er of pieces of solid mlk or weight” of
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(15 seconds). Just after shaking, all contents of the bottle were poured to
a rectangul ar tray. Continuously, it was conducted with eye whether there
was an insolubilised lunmp in the contents on the tray. If there were

i nsol ubi lised lunps, 21 a nunber of pieces of the lunps and size (the

| ongest size) were neasured, and further each lunp was cut and it was
conducted with eye whether the |unp absorbed water. The insolunilized |unp
further means a part of t he SO|Id nllk for the test which |s |nsoluble in
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Score 2 : when there are one or nore i hSol ubilised | unps, size of each |unp
is 5nrmor |less, and at |east one of the |unp inside does not absorb water.
Score 3 : when there are one or nore insolubilised |unps, size of each |unp
is nore than 5nm- [ Ommor less, and at |east one of the lunp inside does
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[ 0097] The foll is a table i ndi cating rel ati onshi p anong
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ost B a06. 80wd20 adlBne of solid milk can be adjusted to be necessary amount of liquid milk for
one drinking. For example the volume of solid milk is 1 cm? to 50 cm?®. Moreover, the
volume of the solid milk can be adjusted by changing amount of powdered milk which
is used at the compaction molding process.

[0047]  Details of solid milk are described following. The components of solid milk are
basically identical to those of powdered milk serving as an ingredient. Examples of
solid milk components include fats, proteins, glucide, minerals, vitamins, and water.

[0048]  There are many air gaps (for example, pores) in the solid milk. These plural pores are
preferably dispersed uniformly (distributed) in the solid milk. Because the pores are
almost uniformly distributed in the solid milk, the solid milk is uniformly dissolved
and a higher solubility can be obtained. In this case, since the larger (wider) the pores
are, the easier water as a solvent penetrates therein, a high solubility can be obtained.
On the other hand, if the pore size is too large, strength decreases or the surface of
solid milk becomes rough. Accordingly, the pore size is for example 10 micrometers to
500 micrometers. Further, such pore size or dispersal of many air gaps can be
measured by well-known means, for example, by observing the surface and cross
section of solid milk with a scanning electron microscope. By these measurements
porosity of solid milk can be defined.

[0049]  The solid milk in accordance with the present invention is solid milk with a porosity
of for example 30 percents to 60 percents. The higher the porosity is, the higher the
solubility is, but the more decreasing the hardness (strength) is. Furthermore, if the
porosity is small, solubility decreases. The porosity is mainly controlled by adjusting
the compacting force in the compacting molding process. Specifically, the lower the
compaction pressure is, the higher the porosity is, while the higher the pressure is, the
lower the porosity is. The porosity of the solid milk thus can be controlled, therefore it
is not limited within a range of 30 percents to 60 percents, and then the porosity is ap-
propriately adjusted as usage. As described below, if the porosity is adjusted within
those ranges, good solid milk free from problems of oil-off or the like can be obtained.

[0050]  The shape of the solid milk is defined by the shape of the die (mold) for compaction
molding, but it is not specifically limited if it has a certain size (dimensions). Thus, the
solid milk may have the shape of round rods, elliptical rods, rectangular paral-

lelepipeds, cubes, plate, balls, polygonal rods, polygonal cones, polygonal pyramids,



Test C 4(22.4g) 160 12.3 Test D 120 .9 22 was put into the bottle,

and then 80g (80nL) of 50 degrees C of hot water (test |iquid) was poured
into the bottle, so that the solute concentration was 14 nmass percent. It
was | eft for 10 seconds. 101001After that, the bottle was rotated
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[0063]  The sterilization process (S106) serves to kill micro-organisms such as bacteria that
are contained in water of the liquid milk or milk constituent. Conditions of sterilization
(sterilization temperature or holding time) are appropriately set corresponding to
micro-organisms because kinds of the micro-organisms supposed to be actually
contained depend on type of liquid milk.

[0064]  The homogenization process (S108) is any process for homogenizing liquid milk.
Specifically, particle diameter of solid components such as fat globules contained in
the liquid milk is changed smaller, and then solid components are uniformly dispersed
in the cow milk. To reduce the particle diameter of solid components, they are passed
through a narrow gap for example under a high applied pressure.

[0065]  The concentration process (S110) is any process for concentrating the liquid milk
prior to the below-described spray drying process. For example a vacuum evaporator
can or an evaporator can be used for concentrating liquid milk. The concentration
conditions are appropriately set within the range of not widely metamorphosing liquid
milk components. This leads to obtain concentrated milk from liquid milk. Namely, in
the present invention, preferably a gas is dispersed and spray dried into the con-
centrated liquid milk (concentrated milk). In this case, water content rate of the con-
centrated milk is for example 35 mass percent to 60 mass percent, preferably 40 mass
percent to 60 mass percent, more preferably 40 mass percent to 55 mass percent. When
dispersing a gas into this concentrated milk, density of the liquid milk (concentrated
milk) is declined and the milk becomes bulky. By spray drying this bulky concentrated
milk, powdered milk having suitable character for producing solid milk can be
obtained. In addition, if moisture of liquid milk is few, or disposal amount of liquid
milk for the spray drying process is small, this process can be skipped.

[0066]  The gas dispersal process (S112) is a process for dispersing a prescribed gas into the
liquid milk (concentrated milk). In this case the volume of the dispersed gas is for
example 1x102 times to 7 times the volume of the liquid milk. Preferably, it is 1x102
times to 5 times, more preferably, 1x102 times to 4 times, and most preferably, it is
5x102 times to 3 times.

[0067]  The prescribed gas is preferably pressured in order to disperse the prescribed gas into
the liquid milk. The pressure for pressuring the gas is not especially regulated if it is
within a range enabling the gas to disperse into the liquid milk effectively. However,
for example itis 1.5 atm to 10 atm, preferably 2 atm to 5 atm or less. Because Liquid
milk is sprayed in the following spray drying process (S114), liquid milk is flowed
along a prescribed flow path. In this gas dispersal process, the said gas is dispersed
(mixed) into the liquid milk by running the prescribed gas pressured into the flow path.
Thus, the prescribed gas can be easily and securely dispersed into the liquid milk.

[0068]  Thus, by performing the gas dispersal process, density of the liquid milk
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(concentrated milk) is decreased, and appearance volume (bulk) is increased. Filling
density of the liquid milk can be further calculated by the weight of the liquid milk
dividing by the total volume of liquid milk at liquid and bubble state. It can be also
measured by an apparatus for measuring filling density by bulk density measurement
based on JIS (pigment: JIS K5101 compliant) or like.

[0069]  Consequently, liquid milk where the prescribed gas is dispersed is flowed at the

abovementioned flow path. In this flow path, volume flow of the liquid milk is

n .
k

preferably controlled to be constant.

[0070]  In the present embodiment, carbon dioxide (carbon dioxide gas) can be used as a
prescribed gas. In this flow path, ratio of volume flow of carbon dioxide to the volume
flow of liquid milk (hereinafter, referred to percentage of it as CO, mix ratio [percent])
is for example 1 percent to 700 percents, preferably 2 percents to 300 percents, more
preferably 3 percents to 100 percents, most preferably 5 percents to 45 percents. Thus,
when volume flow of carbon dioxide is controlled to be constant to the volume flow of
the liquid milk, homogeneousness of the powdered milk from this manufacture method
can be enhanced. However, when the CO, mix ratio is too big, efficiency of powdered
milk manufacture becomes worse since percentage of flowing powdered milk at the
flow path is low. Therefore, maximum of the CO, mix ratio is preferably 700 percents.
Moreover, the pressure for pressuring carbon dioxide is not especially regulated when
the pressure is within a range enabling the carbon dioxide to disperse into the liquid
milk effectively. However, for example the atmosphere pressure is 1.5 atm or more and
10 atm or less, preferably 2 atm or more and 5 atm or less. Mixing continuously
(in-line mixing) a gas and liquid milk in seal-up system is preferable because it
securely prevents from being contaminated by bacteria and enhances the aspect of
good hygiene of powdered milk (or keeps the good clearness of the milk).

[0071]  In this embodiment, the prescribed gas used in the gas dispersal process (S112) was
carbon dioxide gas. In other embodiment of the present invention, instead of carbon
dioxide gas or with carbon dioxide gas, one or more than two gas selected from a
group comprising air, nitrogen (N,), and oxygen (O,) can be used, and rare gas (for
example, argon (Ar), helium (He)) can be used. Nitrogen gas can be further used
instead of carbon dioxide gas. Therefore, since various gases can be options, the gas
dispersal process can be easily performed by using a gas easily available. In the gas
dispersal process (S112), if an inert gas such as nitrogen or rare gas is used, there is no
possibility to react with nutrient component of the liquid milk. Thus it is preferable
rather than using air or oxygen since there is less possibility to deteriorate liquid milk.
In this case, the ratio of volume flow of the said gas to volume flow of liquid milk is
for example | percent to 700 percents, preferably 1 percent to 500 percents, more

preferably 1 percent to 400 percents, most preferably 1 percent to 300 percents. For
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example, according to Bell et al. (R. W. Bell, F. P. Hanrahan, B. H. Webb: Foam Spray
Methods Of Readily Dispersible Nonfat Dry Milk, J. Dairy Sci, 46(12)1963.
pp1352-1356), air having about 18.7 times the volume of non fat milk was dispersed
into non fat milk to obtain powdered skimmed milk. In the present invention, the gas is
dispersed within the abovementioned range for the powdered milk having suitable
character for producing the solid milk. However, to decrease the density of liquid milk
certainly as a result of having dispersed the gas into liquid milk in the gas dispersal
process (S112), a gas which is easily dispersed or is easily dissolved into liquid milk is
preferably used. Therefore, a gas having high water solubility is preferably used,
specifically, solubility of a gas is preferably 0.1 cm? or more per water 1 cm? at 20
degrees C. Carbon dioxide is not limited to a gas, can be dry ice, or a mixture of a gas
and dry ice. Namely, in the gas dispersal process, if a prescribed gas can be dispersed
into the liquid milk, solid can be used. In the gas dispersal process carbon dioxide can
be dispersed rapidly into the liquid milk in cooling state by using dry ice, as a result,
powdered milk having suitable character for producing solid milk can be obtained.

The spray drying process (S114) serves to obtain powdered milk (a powder) by
evaporating moisture in the liquid milk. The powdered milk obtained at the spray
drying process (S114) is the powdered milk obtained by performing the gas dispersal
process (S112) and the spray drying process (S114). This powdered milk is bulky
compared to powdered milk obtained by not having the gas dispersal process (S112).
Volume of the former is preferably 1.01 times to 10 times volume of the latter, or can
be 1.02 times to 10 times, or can be 1.03 times to 9 times.

In the spray drying process (S114), liquid milk having prescribed dispersed gas and
keeping small density since the gas dispersal process (S112) is spray dried.
Specifically, volume of liquid milk after dispersing a gas is 1.05 times to 3 times,
preferably 1.1 times to 2 times compared to the volume of liquid milk before
dispersing a gas. Namely, the spray drying process (S114) is performed just after
finishing the gas dispersal process (S112). However, just after finishing the gas
dispersal process (S112), liquid milk is not homogeneous. Therefore, the spray drying
process (S114) is performed after 0.1 seconds to 5 seconds, preferably after 0.5
seconds to 3 seconds after finishing the gas dispersing process (S112). Namely, the gas
dispersal process (S112) and the spray drying process (S114) are continuous. Thus,
liquid milk is poured in a gas dispersal machine continuously and a gas is dispersed,
then liquid milk dispersed the gas is supplied to a spray drying machine, and is spray
dried continuously.

To evaporate moisture, a spray dryer can be used. The spray dryer comprises a flow
path for flowing liquid milk, a pressure pump for pressuring liquid milk for flowing
liquid milk along the flow path, a dry chamber for having wider room than the flow
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[0077]

path connecting an opening section of the flow path, a spraying machine (a nozzle, an
atomizer, and so on) set at the opening section of the flow path. And the spray dryer
transfers the liquid milk by the pressure pump to be abovementioned volume flow
along the flow path towards the dry chamber. The concentrated milk is diffused by the
spraying machine at close to the opening section of the flow path, and liquid milk at
liquid drop (atomization) state is dried inside the drying chamber at high temperature
(for example, hot wind). Namely, moisture is removed by drying liquid milk at the
drying chamber, as a result, concentrated milk becomes solid of powder state, namely
powdered milk. In addition, moisture amount in powdered milk is adjusted by setting
the drying condition in the drying chamber appropriately, so that it makes powdered
milk less likely to cohere. By using the spraying machine, surface area per unit volume
of liquid drop is increased so that drying efficiency is enhanced and at the same time
particle diameter of powdered milk is adjusted.

By performing the abovementioned processes, suitable powdered milk for manu-
facturing solid milk can be manufactured. Specifically, in the present embodiment,
compaction moldability of powdered milk is enhanced because the powdered manu-
facturing process includes the air dispersal process. At the abovementioned
compaction molding process (S130), compaction pressure is adjusted by using this
better compaction moldability, and then porosity of solid milk manufactured from this
is controlled and hardness is adjusted. In other words, if solid milk is manufactured by
using powdered milk having high compaction moldability, solid milk having good
hardness for practical use in manufacturing processes can be obtained although solid
milk has high porosity. Solid milk having high porosity has good solubility because a
solvent is easily entered. A compaction pressure at compaction molding is controlled
for a compaction molded body of powdered milk (uncured solid milk) having enough
hardness (for example, 6N-22N) for practical use. Consequently hardness for practical
use in manufacturing processes can be obtained like keeping good silhouette from the
compaction molding process through the humidification process. The compaction
molded body of powdered milk can be obtained practically enough hardness as well
for handling and transporting by the humidification process and the drying process.

Furthermore, according to the abovementioned embodiment (Fig.1), average particle
diameter of powdered milk can be bigger by the method for manufacturing solid milk
including the classification process (S120). Because of this, suitable powdered milk for
manufacturing solid milk can be produced certainly. Therefore, in the present em-
bodiment, preferably the powdered milk manufacturing process includes the classi-
fication process.

Additionally, a filling process can be performed after the spray drying process (S114)

or the aforementioned classification process (5120) as needed. In this filling process



[score] Test B [score] Test C [score] Test D [score] Conparison exanple 1
0 12 3. 2 Enbodinend 1 0 0 0 2 1. 8 Enbodinent7 0 0 0 0 1 1. 6
Enmbadi mrent3 0 00 0. 7

powdered milk is filled in a package or a can. This helps to transport powdered milk
easily.

[0078]  The solid milk of the present invention includes not only solid milk after the drying
process (S160), but also uncured solid milk (compaction molded body of powdered
milk) after the compaction molding process (S130).

Example

[0079]  The present invention is specifically described by the following Examples. However,
the present invention is not regulated by the Examples.

[0080] Inventors researched regarding a method of manufacturing solid milk with their
whole heart in order to manufacture solid milk having suitable hardness for practical
use by manufacturing powdered milk having better compaction moldability.
Specifically, prescribed gas is carbon dioxide gas, and they compared the charac-
teristics of a method for manufacturing solid milk including the gas dispersal process
(S112) (Example 1-3) to a method for manufacturing solid milk not including that
process (Comparison example 1). Furthermore, in the gas dispersal process, an effect
of differences (changes) of liquid milk density (bulk of powdered milk) was also re-
searched by changing the proportion of dispersed gas to liquid milk (Example 1-3).

[0081]  Example 1

In accordance with the powdered milk manufacturing process indicated by Fig.2,
powdered milk was manufactured. Specifically, liquid milk as an ingredient of
powdered milk was obtained by adding milk component, proteins, carbohydrate,
minerals and vitamins to water and mixing, further adding and mixing fats (S102).
Then, by performing each process such as the clearing, the sterilization, the homoge-
nization, and the concentration, (S104-S110), concentrated milk was obtained from
adjusted liquid milk having relatively low concentration.

[0082]  Then just before spray drying concentrated milk, a prescribed pressured gas was
passed through the said concentrated milk (S112). Specifically, the carbon dioxide
which was used as the prescribed gas was poured into the flow path of a spray drier so
that the gas could have a constant volume flow, and the gas was mixed continuously
with the concentrated milk in seal-up system. As a result, carbon dioxide was being
dispersed into the concentrated milk.

[0083]  Just after having dispersed carbon dioxide, the said concentrated milk was flowed at
prescribed volume flow by using a pressured pump of a spray dryer along the flow
path towards a drying chamber of the spray dryer (let liquid through). In this case,
during flowing at the flow path, the concentrated milk maintained a prescribed gas
dispersed state. Ratio of volume flow of prescribed gas just before being dispersed into
the concentrated milk (Nm3/h) to volume flow of the concentrated milk where a

prescribed gas will be dispersed just after (m*/h) is called mix ratio. Mix rate of carbon
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time of compaction moldlng was 1 8MPa By this, a compaction molded body of

powdered milk in Example 1 (uncured solid milk) was obtained. Secondly, the com-
bination oven (Combi oven, manufactured by Fujimach Co. FCCM6) was used as a
humidifier. The room temperature and humidity in the humidifier was kept 65 degrees
C and 100 percents RH respectively. Under these conditions, the compaction molded
body was left for 45 seconds (humidification time) to humidify the compaction molded
body of powdered milk (S140). Air thermostatic oven (manufactured by Yamato
Scientific Co., Ltd, DK600) was used as a drying chamber. The compaction molded
body of powdered milk was dried under 95 for 5 minutes. Solid milk (solid milk after
hardening) in Example 1 was manufactured by this method.

[0087]  Mass of the solid milk in this Example 1 was 5.6g per piece. This solid milk
maintained the width and depth of a rectangular parallelepiped at the time of
compaction molding. The thickness was 1.33 cm measured by a micrometer.

[0088]  Porosity of solid milk in the Example 1 was calculated by the following formula. It
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was 49 percents.
Porosity [percent] = [1-(W/PV)] * 100

In the above mathematical formula, W means weight [g] of solid milk, P means
density [g/cm?] of measured solid milk by the Beckman pneumatic density meter, V
means volume [cm?] of calculated solid milk or compaction molded body of powdered
milk from thickness measured by the micrometer and mold (die) shape (width and
depth).

Furthermore, hardness of the solid milk in the embodiment I was measured by a later
described method, and it was 44 N. Hardness of the compaction molded body of
powdered milk in the Example 1 (uncured solid milk which was compaction molded,
but did not perform both the humidification process and the drying process) was 4 N.

The hardness of solid milk or the compaction molded body of powdered milk (solid
milk before hardening) was measured by a load cell tablet hardness meter manu-
factured by Okada Seiko co., ltd. Specifically, solid milk or the compaction molded
body of powdered milk was pushed by a fracture terminal of this hardness meter
(width Imm) towards short axis of solid milk or the compaction molded body of
powdered milk of a rectangular parallelepiped at a constant speed of 0.5mm/s. The
hardness was measured by calculating a loading [N] when fracturing the solid milk or
the compaction molded body of powdered milk. Namely, the loading calculated by the
abovementioned method means the hardness (tablet hardness) [N] of the solid milk or
the compaction molded body of powdered milk.

The solubility of solid milk in the Example 1 was evaluated comprehensively based
on the results of the following two test methods, the first test method and the second
method.

The first test method is a method for checking visually solubility of solid milk.
Specifically one or more than two of solid milk which was 5.6g per piece was put into
a bottle, and then a prescribed amount of hot water of 50 degrees C (test liquid) was
poured to the bottle, and left it for a prescribed period (10 seconds). By adjusting a
number of the solid milk and weight of the hot water, concentration of solid milk
(hereinafter, also referred to it as solute concentration) in the contents of the bottle was
adjusted. In the present Example, solubility of solid milk was evaluated by the plural
test methods (specifically the 4 methods of Test A, Test B, Test C and Test D of Table
1 described below), such as changing the solute concentration, or changing a number
of pieces of solid milk or weight of hot water but keeping solute concentration.

After that, the lid of the bottle was closed and the bottle was shaked for the
prescribed period (15 seconds). Just after shaking, all contents of the bottle were
poured to a rectangular tray. Continuously, it was conducted with eye whether there

was an insolubilised lump in the contents on the tray. If there were insolubilised lumps,
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a number of pieces of the lumps and size (the longest size) were measured, and further
each lump was cut and it was conducted with eye whether the lump absorbed water.
The insolumilized lump further means a part of the solid milk for the test which is
insoluble in the test liquid (a part remained insoluble).

[0095] The results of the first test method were divided into the following 6 categories. Each
category was allocated a score 0 to 5 respectively. In this case the score means an
index for indicating the degree of solubility of solid milk. Small score means better
solubility of solid milk.

[0096]  Score O : there is no insolubilised lump

Score 1 : when there are one or more insolubilised lumps, size of each lump is Smm
or less, and inside of the lump absorbs water (each lump is slurry, or part of lump is
soluble state).

Score 2 : when there are one or more insolubilised lumps, size of each lump is Smm
or less, and at least one of the lump inside does not absorb water.

Score 3 : when there are one or more insolubilised lumps, size of each lump is more
than Smm ~ 10mm or less, and at least one of the lump inside does not absorb water.

Score 4 : when there are one or more insolubilised lumps, size of each lump is more
than 10mm ~ 20mm or less, and at least one of the lump inside does not absorb water.

Score 5 : when there are one or more insolubilised lumps, size of at least one lump is
more than 20mm.

[0097]  The following Tablel is a table for indicating a relationship among number of solid
milk, mass of hot water, solute concentration and shaking time in the solubility of solid

milk in the abovementioned first test method.

[0098]
Table 1
Number of solid] Mass of hot Solute . .
. . Shaking time
milk water concentration
. [sec]
Ipiecel gl [mass%]
Test A 2 (11.2¢) 80 12.3 5
Test B 5 (16.8g) 120 12.3 15
Test C 4 (22.4g) 160 12.3 15
Test D 5 (28.0g) 120 18.9 15

[0099]  The second test method is a method for evaluating the solubility of the solid milk
quantitatively like a degree of solubility. Specifically, two pieces of solid milk (11.2g)
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[0101]  In each Example (or Comparison Example), in case scores in the first test method

was low (specifically value of the score is 2 or less in all of the test A-D) and solubility
in the second test method could be judged as high (specifically mass of residue is less
than 3.0g), solubility of the solid milk in each Example was evaluated as excellent
(double circle). In case in either of the first test method or the second test method
solubility was evaluated as excellent, solubility of solid milk in each Example was
evaluated as relatively excellent (single circle). In case in both the first test method and
the second test method solubility was low, solubility of solid milk in each Example
was evaluated as relatively poor (triangle). Especially, in case in the second test
method the residue was more than 4.5g, solubility of solid milk in each Example was
evaluated as very poor (X).

[0102]  When solubility of the solid milk in the Example 1 was evaluated, all score values in
test A-D of the first test method was 2or less, in the second test method mass of the
residue was 1.8g (less than 3.0g). Therefore, solid milk in the Example 1 was evaluated
excellent solubility (double circle).

[0103]  Example 2

In Example 2, powdered milk was manufactured as the same as Example 1 except for
having set CO, mix rate as 30 percents in the gas dispersal process. The powdered milk
obtained from this method was bulkier than powdered milk in the Comparison
Example as described below. The result of component of the manufactured powdered
milk was perfectly the same as Example 1. Namely, the component of the obtained
powdered milk 100 g comprised fats 18g, proteins 15g, carbohydrate 60g, and others
7g. In addition, an average particle diameter of powdered milk (no classification state)
was 308 micrometers.

[0104] Also, in Example 2 solid milk was manufactured as the same as Example 1. The
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test A D in the first test method were 0, and in the second test method mass of the

residue was 0.7g (less than 3.0g), that was far less than 3.0g as the evaluation standard
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[0111]

[0112]

[0113]

[0114]

[0115]

value. Therefore, the solid milk in Example 3 was evaluated as excellent solubility
(double circle).

Comparison Example 1

In Comparison Example 1, powdered milk was manufactured as the same as
Example 1 except for having set CO, mix rate as O percent in the gas dispersal process
(in other words, the gas dispersal process was skipped). The result of component of the
manufactured powdered milk was perfectly the same as Example 1. Namely, the
component of the obtained powdered milk 100 g comprised fats 18g, proteins 15g, car-
bohydrate 60g, and others 7g. In addition, an average particle diameter of powdered
milk (no classification state) was 263 micrometers. Successively, the powdered milk
remained on the sieve of 355 micrometers mesh size was collected. The average
particle size of this collected powdered milk was 524 micrometers, and its yield
constant (the rate of collected mass to total mass) was 23 percents.

Also, in Comparison Example 1 solid milk was manufactured as the same as
Example 1. The powdered milk was prepared to make a rectangular parallelepiped as
an outward form by the abovementioned single-punch tableting machine. Amount of
usage of powdered milk was adjusted to 5.6 g per solid milk after the compaction
molding process. The pressure at the time of compaction molding was 2.3MPa. The
thickness of this solid milk was 1.24cm.

The porosity of the solid milk in comparison Example 1 was 44 percents, and the
hardness was 50 N. The hardness of the compaction molded body of powdered milk
(uncured powdered milk without having both the humidification process and the
drying process which was made by compaction molding classified powdered milk) was
3N.

When solubility of the solid milk in Comparison Example 1 was evaluated, all scores
in all of the test A-D in the first test method were 2 or less, and in the second test
method mass of the residue was 3.2g (more than 3.0g), that was far better than 3.0g as
the evaluation standard value. Therefore, the solid milk in Example 1 was evaluated as
relatively poor solubility (rectangular).

Table 2, Table 3, Table 4 and Fig. 3 are illustrated by organising the evaluation
results of Example 1-3 and Comparison Example 1 mentioned above. Table 2 shows
the average particle diameter of the powdered milk in Example 1-3 and Comparison
Example 1 and the average particle diameter after the classification. Table 3 shows
each measurement value of solid milk in Example 1-3 and Comparison Example 1 and
the evaluation results of solubility. Table 4 shows in detail the results of solubility test
as the basics of overall judgement of solubility illustrated in Table 3. Figure 3 shows a
relationship between CO, mix rate [percent] at manufacturing powdered milk and mass
of residue [g] in the second test method in solid milk of Example 1-3 and Comparison



30 308 2. 2 0 5. 6 51 43

| i dnbodi nent® 321 1.8 15. 0 5. 6 55 39 075)
101311Table 7 fitl oLer Bi

t/ SAA? t ggir indihnd Snoerr.el test neths: -

Fri it Test I [
Example 1.
[0116] Table 2
Table 2
Before classificotion After classiication
C02 mix ratio Avarage of | Grewth rate of Avarcge of Yield constan:
pariicls ciameler | partcle diamater | partice diameter ”
(%3 [gm [%] [ %}
Comparison 0 283 0 524 23
exampe
Embodiment? 15 295 12 584 28
Embodiment? 30 308 17 639 34
Embodiment3 45 321 22 561 39
[0117] Table 3
Table 3
G ti Compaction
Gas dispersing| ~OMPACLION | ded body of Solid milk after humidification and drying
molding .
powdered milk
03 . ) . . Overall
CCr)jE;:)nx C;z‘;zz}:n Hardness || Thickness Mass Porosity Hardness juégém,,[
N /i o7 of
(9] [MPal (N (mm] lg/piece] (%! () solubility
Comparison 0 2.3 3 12.4 5.6 44 50 O
example 1
Embodimentl 15 1.8 1 13.3 5.6 19 11 ©
Fmbodiment2 30 1.8 4 14.0 5.6 51 42 ©
Embodiment3 45 1.5 4 14.8 5.6 54 40 ©
[0118] Table 4
Table 4
Solubility test
First test methad Second test method
Test A Test B Test C Test D Mass of residue
[score] [score] {score] [score] el
Comparison 1 5
example | 0 - 1 2 3.2
Embodiment1 0 0 0 2 1.8
Embodiment2 0 0 0 1 1.6
Embodiment3 0 0 0 0 0.7
[0119]  As shown in Table 1-3, the solid milk of Example 1-3 had high porosity compared to
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[ 0132] Furt hernore, inventors neasured hardness of conpaction nol ded bodi es
of

Comparison Example 1. This is also demonstrated that solid milk of Example 1-3 had
high solubility compared to Comparison Example 1. Furthermore, the solid milk of
Example 1-3 had not only high porosity, with lowering the compaction pressure, but
also high hardness such as 40N-44N after humidification and drying (which was
enough hardness for practical use) although the solid milk was compaction molded
under lower compaction pressure (1.5-1.8MPa compared to 2.3MPa) than Comparison
Example 1. Furthermore, the hardness of the compaction molded body (uncured solid
milk) in Example 1-3 was higher than Comparison Example 1 which was 3N. Namely,
according to Example 1-3, the compaction molded body of powdered milk or solid
milk having high hardness could be obtained in spite of high porosity. This is
considered that the compaction moldablity was enhanced due to high porosity of the
powdered milk. Therefore, solid milk in Example 1-3 had excellent solubility by high
porosity and grew easier to care with less fragility because of high hardness. As a
result, it was found that solid milk in Example 1-3 was very suitable for practical use.
Furthermore, according to Example 1-3, it was found that the higher the CO, mix ratio
was, the higher the porosity of solid milk was, and then the higher the solubility was.

[0120]  Furthermore, in order to verify whether solid milk having both the required porosity
and hardness could be produced by changing compaction pressure at the time of
compaction molding, inventors practically produced various kinds of solid milk from
powdered milk of Example 1-3 and Comparison Example 1, and measured porosity
and hardness of the solid milk. However, in this case only the compaction molding
process was performed for manufacturing the solid milk. In other words, processes for
enhancing hardness of the powdered milk after compaction molding (the humidi-
fication process and the drying process) were skipped in solid milk manufacture. Addi-
tionally, in this description, solid milk without having processes for enhancing
hardness of solid milk thus is also called as compaction molded body of powdered
milk or uncured solid milk. The result of this measurement is shown in Table 5 and
Fig.4. Table 5 shows a relationship between porosity and hardness in a compaction
molded body of powdered milk manufactured by changing compaction pressure at the
time of compaction molding regarding to the powdered milk of Example 1-3 and
Comparison Example 1. Fig.4 shows a relationship between porosity (44 percents-56
percents) and hardness in a compaction molded body of powdered milk produced by
changing the pressure regarding to the powdered milk of Example 1-3 and Comparison
Example 1.

[0121] Table 5
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powder ed mil k nu artlrrpd[ ¥ chanding ¢canpactiidn préssure reganding to

v L35 Pap 147 |49/ 50|81 152 .]53 |84 |55
Exanpl e 4-6 angd Compar i§on. Edaipl 814 T g addi¥i8n 2ii-E-¢26, the
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line for conparison. [0%33}Table 8 [=Thblle 82 (11 | 557 57 |40l 434415 |55 6
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[0122]  As shown in Table 5 and Fig.4, various compactions molded bodies of powdered
milk having different combination of the values of porosity and hardness could be
manufactured by changing compaction pressure. Specifically, by increasing the
compaction pressure, the compaction molded body of powdered milk having better
hardness could be produced, while by decreasing the pressure, the compaction molded
body of powdered milk having higher porosity could be produced. Furthermore, the
compaction molded body of powdered milk having both suitable porosity and
hardness, by adjusting middle between high compaction pressure and low compaction
pressure, was found out capable of producing. In addition, the hardness shown in Table
5 and Fig.4 indicates the compaction molded body of powdered milk without having
processes for enhancing hardness, so that hardness of the compaction molded body is
further enhanced by performing the humidification process and the drying process.

[0123]  According to Table 5 and Fig.4, compared the compaction molded bodies of
powdered milk concerning Example 1-3 to the one concerning Comparison Example 1,
hardness of compaction molded bodies of powdered milk concerning Example 1-3
(4N, 7N, 12N respectively) tended to be higher than the one concerning Comparison
Example 1 (2N) in case of the same porosity (for example 49 percents). This was
considered to show that the compaction molded bodies of powdered milk concerning
Example 1-3 are superior to the one concerning Comparison Example 1 in terms of the
compaction moldability.

[0124]  This tendency was more obvious in the powdered milk manufacture when CO, mix
ratio becomes higher. Thus, the higher the CO, mix ratio is, the more various
compaction molded bodies of powdered milk with different combination of the values
of porosity and hardness can be manufactured. For example, in case a compaction
molded body of powdered milk having 20 N or more hardness is needed, in Example 3
(CO, mix ratio is 45 percents) porosity of the compaction molded body being subject
to manufacturing could be selected between 36 percents-44 percents by only adjusting
compaction pressure. On the other hand, in Comparison Example 1 (CO, mix ratio is 0
percent) porosity of the compaction molded body of powdered milk being subject to

manufacturing remained around 34 percents, thus a range of option (latitude) was
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[0125]

[0126]

[0127]

[0128]

[0129]

narrow, although compaction pressure was adjusted.

Furthermore, according to Table 5 and Fig.4, compared the compaction molded
bodies of powdered milk concerning Example 1-3 to the one concerning Comparison
Example 1, porosity of compaction molded bodies of powdered milk concerning
Example 1-3 (51-52 percents, 54 percents, 58 percents respectively) tended to be
higher than the one concerning Comparison Example 1 (48 percents respectively) in
case of the same hardness (for example 3N). This was considered to show that it was
because the compaction molded bodies of powdered milk concerning Example 1-3
could be maintained many air gaps compared to the one concerning Comparison
Example 1 if the both were under the same compaction pressure. It turned out that the
higher the CO, mix ratio was, the more apparent the abovementioned tendency grew in
powdered milk manufacturing.

Compared Example 1-3 to Comparison Example 1, the main difference is whether
the gas dispersal process in powdered milk manufacturing or not. When the gas
dispersal process was skipped like Comparison Example 1, compared to the gas
dispersal process performed like Example 1-3, the average particle diameter of
powdered milk became reduced in size, and porosity of solid milk was declined.
However, although solid milk of Comparison Example 1 was inferior to Example 1-3,
the solid milk of Comparison Example 1 had enough hardness and porosity for
practical use. This reason was considered that it was because powdered milk having
big average particle diameter was extracted (selected) at the classification process.
Thus, inventors researched about the presence of classification process.

Specifically, cases of performing the classification process (abovementioned
Example 1-3 and Comparison Example 1) were compared to cases of skipping the
classification process (Example 4-6 and Comparison Example 2). Methods of manu-
facturing powdered milk or solid milk in Example 4-6 and Comparison Example 2 are
the same except for skipping the classification process. Thus, these explanations are
omitted.

Table 6 and Fig. 5 are illustrated by organising the evaluation results of Example 4-6
and Comparison Example 2 abovementioned.

Table 6 shows each measurement value of the solid milk in Example 4-6 and
Comparison Example 2 and evaluation results of solubility. Further, average particle
diameter of powdered milk in Example 4-6 and Comparison Example 2 indicated in
Table 6 is corresponding to average particle diameter of powdered milk before the
classification indicated in Table 2. Table 7 shows detail that results of solubility test
are basic of overall judgement of solubility illustrated in Table 6. Figure 5 shows a re-
lationship between CO, mix rate [percent] at manufacturing powdered milk and mass

of the residue [g] in the second test method in solid milk of Example 4-6 and

SO
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Comparison Example 2. In addition, Fig.5 also shows that the relationship in Example
1-3 and Comparison Example 1 (Fig.3) for comparison.
[0130] Table 6

Table 6
Gas dispersing Compaction molding Selld mi k afler molding, humidilication and drviong
CO2 mix Average Compactionfithickness| Mass Porositv|Hardnesst Overall
ratio perticla diemeter | prossure {y/ Judgoment
%] [ om] [MPa] [mm] | piccel %) IN] jof soluhility
Compari son 0 263 2.7 12.4 | 56 | 45 | 32 x
example?
Imbodinentd 15 295 2.2 13.1 5.6 19 15 AN
limbodiments 30 308 2.2 14.0 5.6 51 45 A
mbodiment6 15 321 1.8 15.0 | 5.6 55 39 @
[0131] Table 7
Table 7
i Solubity fas:
| “irst test mehid Secord test methes
4 Test & Test B Tesi & “est D Wars of resdie
(20072) {stire] [szare] [zoae]
Coavpar e 5
e:xvar[':ple?: ! ‘ 2 * ¢
Embosirend o ! 2 3 33
“rcodnents | " ] 7 4 3.4
St ments ¢ i : i 2 2.8

[0132]  Furthermore, inventors measured hardness of compaction molded bodies of
powdered milk after the compaction molded bodies of powdered milk having various
porosities were manufactured by changing compaction pressure on the powdered milk
in Example 4-6 and Comparison Example 2 at the time of compaction molding.
Results of the measurement are shown in Table 8 and Fig. 6. Table 8 indicates a rela-
tionship between hardness and porosity of compaction molded body of powdered milk
manufactured by changing compaction pressure regarding to the powdered milk in
Example 4-6 and Comparison Example 2. Fig. 6 is a graph for indicating a relationship
between porosity (44 percents-56 percents) and hardness of compaction molded body
of powdered milk manufactured by changing compaction pressure regarding to
Example 4-6 and Comparison Example 2. In addition, in Fig.6, the relationship in
Example 1-3 and Comparison Example 1 is indicated by dot line for comparison.

[0133]  Table 8
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and Fig.6, various conpactions nol ded bodi es of powdered m | k havi ng
di fferent conbination of the values of porosity and hardness coul d be
manuf act ured by changi ng conpaction pressure as well as the know edge
obtained by the Table 5 and Fig. 4. Also, porosity and hardness of the
conpacti on nnh&gg bodi es of powdered m |k were not changed whet her the
classificatio Bcess was performed or not as the result.
101351Furt her mpre,as [shown [N s1 able 7+ amd=Table 14 11 you conpgre, or as
shown in Fig. 5, f“the “cl asgkfilcatildn process: was skipped like |[Exanple 4-6
: w5 1P 1,043 | 4p (47,149 |50 151 452 54
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preferable in ternms of solubiTiTy. [0L36]And, when solubiTity of solid mlKk
i n Conparison Exanple 2 was evaluated, in the second test nethod mass of

resi due was 5.0g (over 4.5g) which nmeans over eval uation standard, 4.5g.
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0138]Nitro use as a ersed | as at the
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Exanpl e 7, WBF@%I%I?%W%‘ é&lﬁ?@?”‘@%@e%ﬁ% ISR r@fészce
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of nitrogen _gas (hereinafter, .r ratio rcent])
was 7 perc ergg) aglson Exampleel dnd Ze su1¥ab? powdel ed Sk l}lof manﬁ%actuung sJIfgle ihif

could be produced even if the classification process was only performed.

[0137]  Therefore, according to comparison of Example 1-3 and Example 4-6, by performing
the gas dispersal process, suitable powdered milk for manufacturing solid milk could
be obtained more certainly. Furthermore, according to Comparison Example 1 and
Comparison Example 2, even if the classification process was only performed, solid
milk having high solubility could be produced. Therefore, powdered milk which is

obtained by spray drying and performing the gas dispersal process is suitable for man-
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[0142] Comparison Example 3
In Comparison Example 3, powdered milk was manufactured as the same as

Example 7 except for O percents of N, mix rate in the gas dispersal process (in other
words, the process was skipped). The result of component of the manufactured
powdered milk was perfectly the same as the one in Example 7. Namely, the
component of the obtained powdered milk 100 g comprised fats 18g, proteins 15g, car-
bohydrate 60g, and other 7g.

[0143]  In Example 7, 8 and Comparison Example 3 solid milk was manufactured as the
same as Example 1. The powdered milk was prepared to make a rectangular paral-
lelepiped as an outward form by the abovementioned single-punch tableting machine.
Amount of usage of powdered milk was adjusted to be 5.6 g of solid milk per piece
after the compaction molding process. In order to verify whether solid milk could have
the required hardness as well by changing compaction pressure in compaction

molding, inventors substantially produced various kinds of solid milk from powdered
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[0145]

[0146]

[0147]

milk and measured porosity and hardness of the solid milk. However, only the
compaction molding process was performed for manufacturing the solid milk here. In
other words, processes for enhancing hardness of the solid milk after compaction
molding (the humidification process and the drying process) were skipped in solid milk
manufacture. The result of measurement is shown in Tabel 9 and Fig.7. Table 9 shows
a relationship between porosity and hardness in a compaction molded body of
powdered milk manufactured by changing compaction pressure at the time of
compaction molding regarding to the powdered milk of Example 7, 8 and Comparison
Example 3. Fig.7 shows a relationship between porosity (30 percents-75 percents) and
hardness in a compaction molded body of powdered milk produced by changing
compaction pressure at the time of compaction molding regarding to the solid milk of
Example 7, 8 and Comparison Example 3.

Table9

Table 9
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As shown in Table 9 and Fig.7, various compactions molded bodies of powdered
milk having different combination of the values of porosity and hardness could be
manufactured by changing compaction pressure.

Also, according to Table 9 and Fig.7, as compared the compaction molded bodies of
powdered milk concerning Example 7 and 8 to the one concerning Comparison
Example 3, in case of the same porosity (for example 35 percents), hardness of
compaction molded bodies of powdered milk concerning Example 7 (7 N) tended to be
higher than the one concerning Comparison Example 3 (1 N). In Example 8, in higher
porosity than Comparison Example 3, hardness was also higher than Comparison
Example 3. This was considered to show that the compaction molded bodies of
powdered milk concerning Example 7 and 8 were superior to the one concerning
Comparison Example 3 in respect of compaction molding.

This tendency was more obvious in the powdered milk manufacture when N, mix
ratio became higher as a result. Thus, the higher the N, mix ratio is, the more various

compaction molded bodies of powdered milk having different combination of the

7

5
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[ 0150] Speci fandaithey ng@m@w@iednﬂﬂk H@Q\g (hgrethiaf e eregenredcido appeveditred filsB)Exanpl e
7, 8 and Then, in case of using powdered milk at Example 7, 8§ and Comparison Example 3
(hereinafter referred it as powdered milk A) and in case of using powdered milk B
(Example 9, 10 and Comparison Example 4) were compared. Methods of manu-
facturing powdered milk and solid milk in Example 9, 10 and Comparison Example 4
are the same as Example 7, 8 and Comparison Example 3 except for using different
component powdered milk. Thus, these explanations are omitted.
[0151] Example9
In Example 9, powdered milk was manufactured as the same as Example 7. In this
case N, mix ratio was 6 percents, The powdered milk obtained from this method was

bulkier than powdered milk in the comparison example as described below. An
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B. [0152] Exanpl e 10 | n_Exampl e 10 wdererd m | k.wa nuf agtyred as
Che. sane o TR e o st eT B Fuge pRRAERTE SR W B IR AR Dovder e
m | k olfXl &3 hedChmpanisdni kxampihibd was bul ki er than powdered milk in the
conpar i son exgrpbpdiofl ExaRpRES GBI il RBGHIEH Scafcs B aftlfed powder ed
P ound that t

m | k conponent cartied out he conponent. of the obtal ned

powder ed ni | kxapide Pigacaps far Oaperedns ohbwaer ede mntBR 2 diPRPIS Proshysdin Q68 Exanpl e
4 I n Conp@éids Ofle B BRI Raskikipeowd ahe tstit lok cvmponsanuf @etiihathcased he same as
Exanple 9 excoggd[ for .lgexperc]gnt OL N2 mx rate 1n thﬁ(tlgglg di sptglrsal process
(in other wohdElergdypilkwes pedecilydhe pimppedfie Pelderrd iy apepBfient of the
manuf act ur eccopgualerited thd dikaines ppeddred tlilk 100e saferisad fdth26 g pwaemed2g tde- B.
Nanely, the ¢ e tai ned powdered mlk 100 g conprised fats
26g, protei nbs()%gg%?e cé’f%@%é@r%?% 579, and other 5g. [0154] And in Exanple 9,
10 andOtoHipar Asdm Exampk @, 40 sl Campiuiidonieremplesd sothmilkotas absd naanufdrgursédme as

Exanpl e 7. Thenpowsesatkd .4157."% ﬂ»@ﬁ?g&qﬂf( Yal afed 6 Al RRAYL Ahin P& par-

al I el epi ped as_an outward formb he abovenenti oned singl e-punch tableting
machi ne. Ancuistepsed as ap euitard Suath e #pp remgsiongs ﬂ%gléd)uﬂgh Bbletiggof sol i d
mlk per piaggehiid &imduheof@apast pOnddred MilRGyRraafs&s.to 51 ©6O@Nidiill & Ty
whet her solid mlk could have thﬁ.reqw red[ har dness.fals V\%léll b1¥ Ch]%nfg)l Eﬂg
conpacti on pHESAIFENETORBALA MEIHOP Ay, MAREAP SPAYAR T PG FEt Y

i ndi vi dual solve thenedkirddr foumdipesakewelt bychdan gofg dengraptien Bresbife ancbn@anpan | son
Exampl e 4, 3pgiafiley ARBRULAHIROLARILY i AR NASHRERSIK Horh BEwSAkD thill dr<-
However, only t conpaction nol ding process was perftor ‘éi. ere ftor

manuf act ur i rgcanipde 8010 andrifdrrparisan Expaplovb pod they marsewis e pofasity arthhaidnesy

hardness of drhg. RANORIIEH S dver, dhtyeihe COMPAGIdnIRoRledirbEksS e phsiiafiegat i on

process and the drying process) \Viere skipped in solid mlk manufacture. The
result of neQEWRBWRHPING hermoliA k. fmpther wordineropssgesefor sflipeing dachisworfa
rel/\gti ogs hi Ph@p&%@?@d ﬁ@lu(cagﬂei YorapatibaneNEss (thd hansdifipaini Iﬁﬁcé@hﬁiﬁdlebpdy o;
powder ed mi manuf acture changj.ng.conpaction pressure.at the tinme o
bompact i on bV AEREPFRgaVE NS Tha D auaran e Dhe BRARR Qewureger i
Conpari son EkewplieTdble FD@n8 Fgh&\iabie teshmwisanshitipndep heteueep porosity ynd 30

per cent s- 75 gﬁpﬁégﬁ?s&)coﬁﬂﬁcﬁ&{ AReRS bioﬁ}érﬁf g&%’é}&ﬁ LoR rHBlu‘i’ﬁﬁimQ? gﬁ S%nl?é/\g er ed

m | k produc changi rig conpacti on essure at the tinme o n
nol di ng r egapPdipagiianopressErepd Weketiae ofibprrpastiomxemping regardiog hde compgaicds on

Exampl e 4. [05i531 Fabhfe 010 hnPOb@phi§shn Fahhidd. Hg 8lshow®h PahticHs RipGbhndB4
Po-psisL91.; PcOliess[N] 34 36 38 41 14 46 )
porosity (30 percents-75 percents) and hardness in a compaction molded body of

powdered milk produced by changing compaction pressure at the time of compaction
molding regarding to the powdered milk of Example 9, 10 and Comparison Example 4.
[0155]  Table 10



12 10 6 2 0 0 Sohdradsof 43:8848181 3% 36.39 12 15 47 1850 53 et4naena 9
Har dness4311 29 24 17 11 6 5 4,2 0

Table 10

Solid mi< of Porosily  [%) 134 [36 |28 |41 |44 |46

compar son excmcled § Hordness [N] [ 12 J10 |6 |2 10 10

Solid mi of Seresry (%) |35 |36 |39 [42 |46 147 |48 |50 |53
erbodment 9 fHarcress [N] 129 124 117 111 |6 |5 |4 12 |0

Soid mik ¢ Seresiv (%] 185 |59 |63 |66 |69
emoodiment1Of Aordess NI [ 91 [ 74 |60 [ 49 |36

[0156]  As shown in Table 10 and Fig.8, similarly to the knowledge obtained from Table 9
and Fig.7, various compaction molded bodies of powdered milk having different com-
bination of the values of porosity and hardness could be manufactured by changing
compaction pressure. Also, similarly to the knowledge obtained from Table 9 and
Fig.7, although component of powdered milk was changed, the higher the gas mix rate
was, the more various hardness and porosity could be selected by changing compaction
pressure.

[0157]  In other words, from a comparison of Example 7, 8§ and Example 9, 10, it was found
that the higher the gas mix rate was, the more various hardness and porosity could be
selected by changing compaction pressure regardless of powdered milk components.

[0158]  As explained in detail above, according to the examples, by performing the gas
dispersal process or the classification process at the time of powdered milk manu-
facturing, it was found out that an extensive advantage (merit), which enabled the solid
milk with both high porosity and hardness to be easily produced, could be brought to

powdered milk or solid milk manufacturer.

Industrial Applicability
[0159]  The present invention can be applied to the dairy industry, the dairy farming, powder
manufacturing industry or solid manufacturing industry since the invention refers to

the method for manufacturing solid milk from powdered milk.
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[ 0156] As shown in Table 10 and Fig.8, simlarly to the know edge obtai ned
fromTable 9 and Fig.7, various conpaction nol ded bodi es of powdered m |k
having di fferent conbi nation of the values of porosity and hardness could
be manufactured by changi ng conpaction pressure. Also, simlarly to the
know edge obtai ned from Tabl e 9 and kagmis al t hough conponent of powdered
m | k was changed, the higher the gas mx rate was, the nore various

har dneKdaighdll porosity AoliP@osEorgBiRdceing SoliHAMY $§MPHHPECt i on pressure.
[0157] In other words, HhRAMIBp&EOUTRAGIesOS10D) foxaikpéiging a prasedbex gayihe 9, 10,
it was found that the l@ig‘.per. the gas mx rate was, the nore various
hardness and porosity ¢8 d¥e sel ect ed by changi ng conpacti on pressure
regardl ess of powder edaspilak dconpprentssS! [DIbB8pHsinegptomideed midk dgtpiayingbove,

according to the exanp : r 1 I i I , r the
classification pr ocesslth%:tshqtu%é/em??r?gt&([)@]]e%gagggg%q}ll(ﬁf§£§%3§éé{?%?ﬁﬁ%}?ﬂ% was
found out that an extefmyeyes laidntlkge (nmerit), which enabled the solid mlk
ui L poth i ah por ost X BRMIRRARSEm Ruli, £A30) r Dbt olfaibe be

u or solid nm manuf act ur er.. ustria ,
Appl i cability [0159] ThEOBPESERMAIRHEbRIYAH PORHCISE r@ﬁiorlpaace@d)yt%énpaaﬁ%
industry, the dairy fapowdged poldgfer Rl ddpbeikilgodeds (KitlRYy amaf the epitagt
manuf acturing industry  since the\%glvzﬁntl on refers to the nmethod for

r

manuf actining solid m fhl?ll?g%l%c%é Uanr% I k. 36

wherein the powdered milk obtained by performing the gas dispersal
process (S112) and the spray drying process (S114) is bulkier than the
powdered milk obtained without the gas dispersal process (S112).

[Claim 2] The method for manufacturing solid milk according to claim 1, wherein
the gas dispersal process (S112) is a process for dispersing the
prescribed gas into the liquid milk, wherein the prescribed gas volume
is 1x102 times to 7 times the volume of the liquid milk.

[Claim 3] The method for manufacturing solid milk according to claim 1, wherein
the liquid milk where the prescribed gas is dispersed in the gas
dispersal process (S112) is concentrated liquid milk.

[Claim 4] The method for manufacturing solid milk according to claim 1, wherein
the gas dispersal process (S112) comprises a process for mixing the
prescribed gas, which is pressured, into the liquid milk.

[Claim 5] The method for manufacturing solid milk according to claim 1, wherein
the prescribed gas is one or two or more gas which is selected from the
group comprising carbon dioxide, air, nitrogen, oxygen and rare gas.

[Claim 6] The method for manufacturing solid milk according to claim 1, wherein
the gas dispersal process (S112) comprises a process for pouring the
liquid milk along a flow path, wherein ratio of the volume flow of the
prescribed gas to the liquid milk is 1x10- times to 7 times.

{Claim 7] The method for manufacturing solid milk according to claim 1, wherein
the spray drying process (S114) is a process for spraying liquid milk
having the dispersed prescribed gas, wherein filling density of the
liquid milk is small in the gas dispersal process (S112).

[Claim &} The method for manufacturing solid milk according to claim 1, further

comprising before the compaction molding process (S130):



Claims A nmethod for manufacturing soli# milk, comprising; a gas dispersal
process (S112) for dispersing a prescribed gas into liquid mlk; a spray
dryi ng process (S114) for obtaining powdered m |k by spraying the liquid
mlk after the gas dispersal process (S112), and drying the sprayed liquid

m | k; a conpaction nol di process (S1 r obtaining.a sol.jdified
conpacti on mol ded body36%g8§ﬁ8¥¥ﬂ%° 5F39%¥%§ﬂé§ 1%9g88%838$PH qﬁ%ﬁﬂ%red
mlk after the gas di spegsaparprlockssetéiShdi2preamibet] ipertepr diymdiey bynglapyihies s

(S114); and wherein th r i) : t.al pe : i the gas

di spersal process (Sll%fggn gpﬁ%“g%%gapaﬁgéﬁgg ?%%@%@% éﬁ&ggh?é bul ki er
than tHdajgoWbiered il k Topmeathasdionmanpliaeiuring sglis milk senrding (prFlgiredsirden 2) |
The g}%t hod flor manuf acwl% ggngthéldth@lzéljﬁpﬁ.@if%ﬁrrﬁBl@ﬁgtp%&kﬁQS{IE@): wher e!g Ej he
gas di spersal process ..l S.a proce r. dispersin e prescribed gas
o the l qui b ik WEFRURCTIE BPeSers Kooy n U ST Re e TS0 £ i moe Lo
7 times the volune of hiveddd pdiydf poivkerél enitkedthaided artheramupacibn maidgingol i d

m |k according to clainh%bﬁﬂ§§§ in the liquid mlk where the prescribed gas
is dispersed in the gag I'spersal process (S112) is concentrated liquid

m k. The method for mandufiagpuacesndS$oDifdr diving the comgiatigntnenldéchbedylof wher ei n
the gas dispersal pr00?6@d&§&%ﬁhﬂﬁ%ﬂ8ﬁb§%§dﬁ19&98§§§ﬁ&féﬁﬁ%%kﬁgﬂbhe

prescri bed gas, which is pressured, into the liquid m e nethod for
manuf aleleit By sol i d ni ITRe aelibmalknyhersindhe soHdmilhfonantiagtied Sy e8¥ onpell gas
is one or two or nore gRsmWikeh i s selected fromthe group conprising
carbon di oxide, air, nitrogen, oxygen and rare gas. The nethod for

manuf acturing solid mlk according to claim1, wherein the gas dispersal
process (S112) conprises a process for pouring the liquid mlk along a flow
path, wherein ratio of the volunme flow of the prescribed gas to the liquid
mlk is Ix10-2 times to 7 tinmes. The nethod for manufacturing solid mlk
according to claiml, wherein the spray drying process (S 114) is a process
for spraying liquid mlk having the di spersed prescribed gas, wherein
filling density of the liquid mlk is small in the gas dispersal process
(S112). The method for manufacturing solid mlk according to claiml,
further conprising before the conpaction nolding process (S 13W 37 a
classification process (S120) for obtaining powdered m |k haying bigger
particle dianmeter than prescribed particle dianmeter by classifying powlered
m | k obtained at the spray drying process (S114). [C ai m 9] The nethod for
manuf acturing solid mlk according to claim1, further conprising after the
conpaction nol ding process (S130): a hum dification process (S140) for
hum di fyi ng the conpacti on nol ded body of powdered m |k obtained at the
conpaction nol ding process (S130); a drying process (S160) for (hying the
conpacti on nol ded body of powdered mlk hum dified at the hum dification
process (S140). [C aim 10] The solid mlk, wherein the solid mlk is

manuf actured by any one of clains Ito 9.
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