A;}~eSe\26hT APPARATUS FOR THERMAL DEAERATI ON OF SOYBEAN SLURRY TECHNI CAL

FIELD 5 The presentbh ion relates to a netho g pr GceMAeH03
soybean food ﬂmm\“\ \W\ﬂm as tofu, soymlKk, andcm H‘@B{mm’g% in (yuba) and
to an appar at ermal deaeration of a soybean slfurry obtained by
gri ndi ng soybeans,«&td i s intended to enable the unpl'®8¥&nt raw odor that
is 10 char aprepiStiONOfESRYber0R PRODESSED eSOYBEAN FEDDVERDDIRACKEGROUND ART
General |l y, when processed soybean products such as tofu, soym |k, and

soybean casei n APEAFR)T U FAN GHERAL TEATRATIONODFLSOYBERNOGESRRYaW soybeans
and change theminto a liquid formis performed. This operation conprises:
an i mmersion step in which raw soybeans that have been thoroughly washed
are inmmersed in water for approximately one night until they swell to 20
approximately twi ce their size; argunhchngrstey N which a slurry is
obt ai ned by rubbing and crushing the swollen raw soybeans whil e addi ng an

appropri ate ampenprekenat ehveanton ReabtBy sbep m&:MBECHIt Peodeyhean slurry
under goes thermal denaturation by being heated to a predeterm ned

tenper at Yrecedbekf sbQHERREH00A pEPALAtEO0BuShERsi AoPh] Chogi 1K, PR (okara)

is separated may also be perforned either before or after the heating step.

In addi t ksehpebt E£&sakg0 (passhbhadt 00Kt apPerat@s SrdAYLBO0Bh&rmal
deaeration of a soybean slurry obtained by grinding soybeans,

and is intended to enable the unpleasant raw odor that is

10 characteristic of soybeans to be effectively removed.

BACKGROUND ART

Generally, when processed soybean products such as tofu,

soymilk, and soybean casein (yuba) are produced, an operation
15 to process raw soybeans and change them into a liquid form is
performed.

This operation comprises: an immersion step in which raw
soybeans that have been thoroughly washed are immersed in
water for approximately one night until they swell to

20 approximately twice their size; a grinding step in which a
slurry 1s obtained by rubbing and crushing the swollen raw
soybeans while adding an appropriate amount of water; and a
heating step in which the soybean slurry undergoes thermal
denaturation by being heated to a predetermined temperature.

25 If required, a separation step in which solid pulp (okara) is
separated may also be performed either before or after the

heating step. In addition, it is also possible to omit the



i mrersion. step in cases such as when soym |k is being produced for human
consunption. By further prccessing the soybean slurry obtained thr@gqﬂwq h
of the above processes, processed soybean food products 5 are produced. FoOr
exanpl e, tofu can be obtained by addi ng2a coagul ant to the soybean slurry
so as to coagulate it. In this type of processed soybean food products
product i opmmet iosh ¢ hep heat tage st @pch englartseharayineidsk tilve Heaimy yr csulrstdances
contained in the soybeans by the heating 10 thereof and also sinplifies the

soybean pretehtmankohangssidh. into a state in which it can be easily
di gested. The heating step is thus particularly inportant (see page 121 of

"Soym | k", by Kanfirseehp ¥éee £006h ResCH S/bdd1std ity c80nedThe dgahi ng

step can be separated into a tenperature 15 raising step in which the

soybean skaér Yot st i@ ad 196 S Op BScd Hsd i S8 ddeds RN Meddre fdirl edfodrnrd sa
t hermal denaturation step in which the soybean protein is thermally

denat ur edz by pRddi@ddl NGot hexdipated sopbemh Yairdnt Alnedl A sRGithgmper at ur e
for a predetermned tinme. However, normally, because of the 20 type of

heating appajataisc used e begselse Ofuthe efatidEtdpdiddeons,. the soybean
slurry is thermally denatured while the tenperature thereof is being

rai sed, and thgfecdSs Usysd | yf NOr sl Sdd e td Qb iRy thedigigerature rai sing
step and the thermal denaturation step. 25 However, the nature of soybean

protei n is-saedt {aimdEnd$, exid aidd v RYSHaY 1 Rid% bRirkd ey et ed with

air. Therefore, if the soybean slurry beconmes perneated with a | arge anount

of harmful substances contained in the soybeans by the heating

10 thereof and also simplifies the soybean protein and changes it
into a state in which it can be easily digested. The heating
step is thus particularly important (see page 121 of
“Soymilk”, by Kanji Tsuchiya, Food Research Institute, 1980).

The heating step can be separated into a temperature

15 raising step in which the soybean slurry is heated so as to
raise the temperature thereof and a thermal denaturation step
in which the soybean protein is thermally denatured by
maintaining the heated soybean slurry at a raised temperature
for a predetermined time. However, normally, because of the

20 type of heating apparatus used or because of the operating
conditions, the soybean slurry is thermally denatured while
the temperature thereof is being raised, and there is usually
no distinction between the temperature raising step and the
thermal denaturation step.

25 However, the nature of soybean protein is such that it is

extremely susceptible to being permeated with air. Therefore,

if the soybean slurry becomes permeated with a large amount of



0 5 MAY 2003 3 air in the grinding step and a | arge nunber of air bubbles
beconme m xed in the soybean slurry, then this has a del eterious ef@saﬁ mp
the final product. For exanple, if tofu is produced using soybean W n
5 which air bubbles have becone m xed, the finished tofu has insufficient
hardness and the constituent elenents of the soybeans are oxidized by the
oxygen i natheini thbubbliasingsstepngniinat herpe obhmpeare Siaigr thadb las

unpl easant raw odor is given off. 10 Therefore, technology for renoving air

bubbl es fpresphéemsoybean shorsyybseNgs Butleper ehémotigppaiad us is known as a
met hod for solving the above types of problem Exanples of these are the

t echnol ogye U5t 0568 ERfdapangseh&nexnai netodatent Application, First
Publ i cati on (Kokai), No. Sho 52 15 54069 in which air bubbles are renoved

fromthe soybepsrstéushylby deacoati 08 psbdgedd deapi@ts beapaylaings, hef ore
the heating step is perfornmed, and the technol ogy disclosed in Japanese

Unexars negh Pak eat r Appbbtati Bave Fbesém@ubl k&a | tre (Kokitdhed N £uSh H1- 1 95660
in which a deaeration process is perfornmed after 20 the heating step.

However, besagiseciber spybenass| dhdythé tdndrlt i€l e Bdmns faxr rahd he
renoval of air bubbles is extrenely difficult, particularly when the

t enper at us 8y &9k £04 r & Sok Ok Yk CHy COKIS €5x dien V1S COsd tyi t pubKiregAse. .
Accordingly, as is 25 disclosed I n Japanese Unexam ned Patent Application,

First Publigatt ong (Kekehe, pNobl & 0a B2s 54§60 a e (A8l leRaTatiaN qdcacess s

to be performed on the slurry that is at | ow
is given off.

10 Therefore, technology fdr removing air bubbles from the
soybean slurry using a deaerating apparatus is known as a
method for solving the above types of problem. Examples of
these are the technology disclosed in Japanese Unexamined
Patent Application, First Publication (Kokai), No. Sho 52-

15 54069 in which air bubbles are removed from the soybean slurry
by deaeration using a deaeration apparatus before the heating
step 1s performed, and the technology disclosed in Japanese
Unexamined Patent Application, First Publication (Kokai), No.
Sho 61-195660 in which a deaeration process is performed after

20 the heating step.

However, because the soybean slurry is in a liquid -
slurry form, the remcval of air bubbles is extremely
difficult, particularly when the temperature thereof is low
which causes the viscosity to increase. Accordingly, as is

25 disclosed in Japanese Unexamined Patent Application, First
Publication (Kokai), No. Sho 52-54069, when the deaeration

process 1s to be performed on the slurry that is at low



0 ~ May zoo3 Q tenperature prior to the heating step being perforned, the
renoval of the air bubbles is exceedingly difficult and it is necessary to
performthe deaeration using strong suction provided by an appar at 4 MKYtZﬂDZ'a
conplicated structure. 5 Furthernore, because the deaeration is difficult,
it is not possible to renove mnute air bubbles, which has resulted in the
probl em atéspagathat anionpt eastaathezamn rogd et ayalseichdopetrife raied , balblsl es
remains in the finished product. Mreover, after the heating step is

conpl et edremdrea 1 0o Soyheani sl puilstyl ed sy bsxddestiodary alirféddy lgemerdatied iisn t he
soybean protein in which the thermal denaturation is well advanced and this
odor beconeseisxed to phefsoybean &dawraniohersaimy etrasig suditdsenosed in
Japanese Unexam ned Patent Application, First Publication (Kokai), No. Sho
61-195660préVeddd 1y Obh eapps i $€Ss thiadh thecaghdri dwaedlsteady ureen gener at ed
in the soybean, slurry even if the air bubbles are renoved fromthe soybean

slurry thatrtissrmnce) goacatise toatddre sdeibn Namelffiende ,t He ddomdtas been
generated, there has not been nuch point to then perform ng the deaeration
and a satpsdadh D yr 20r ehdestmasutegai fonsiare s, enialn has nefsuleerd dbt ai ned.
In this way, in either of the conventional technol ogies in which the
deaer at i ohh@rpe@sSerh Sa pes {104 NeithOert hensledeat daw rddrefcaesear baf ttéwe t he
heating step, it has not been possible to obtain a satisfactory
deodori zaiiporoeff pes aadaits 2bn hase thirsi s1odd heendyzassi bl e to obtain hi gh
qual ity soybean food
Moreover, after the heating step is completed, the
10 soybean slurry absorbs the odor already generated in the
soybean protein in which the thermal denaturation is well
advanced and this odor becomes fixed in the soybean slurry.
Therefore, as 1is disclosed in Japanese Unexamined Patent
Application, First Publication (Kokai), No. Sho 61-195660, the
15 problem arises that the odor has already been generated in the
soybean slurry even 1f the air bubbles are removed from the
soybean slurry that has undergone the heating step. Namely,
once the odor has been generated, there has not been much
point to then performing the deaeration and a satisfactory
20 effect as regards odor removal has not been obtained.
In this way, in either of the conventional technologies
in which the deaeration process is performed on the soybean
slurry before or after the heating step, it has not been
possible to obtain a satisfactory deodorization effect and it
25 has thus not been possible to obtain high quality soybean food

preoducts.

Furthermcre, there has not hitherto existed a thermal



products. Furthernore, there has not hitherto existed a thernal " 0 5 MAY
?0~3 5 deaeration apparatus that conbines both the function of heating the
soybean slurry and the function ‘of deaerating the soybean slurry, a&a%ﬂ%§%3
devel opment of an apparatus that efficiently provides high quality soybean
food products has 5 | ong been desired. D SCLOSURE OF THE | NVENTI ON The ai m

of the presestat venNipparksus Ot Pa OVEeb Bngs deests erhes afthreamni droadt pr oduct  of
a higher quality than has 10 been produced hitherto by renoving air bubbles

m xed in médhitdecisoybeabe shuslyr andaed f o | ety Tamd rdeddmating easant
raw odor that is characteristic of soybeans. The soybean production nethod

of the presgidan nyeatten dRE! tklesdev@rommkmg of e (fppd My adhataw soybeans
are ground 15 to provide a soybean slurry, and a heating step (B) in which

the provigeg spyben stevides shieat &da angy tdeyreadd ¥ denaingfbe Sk par t way
t hrough the heating step (B), a deaeration step (C) for renoving air
bubbl s m bhde M ddst pegsoybean slurry is perfornmed. 20 BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 is a schematic structural view show ng an exanpl e of
t he soybean slurry thernmal deaeration apparatus of the present invention.

DISCLOSURE OF THE INVENTION
The aim of the present invention is to provide a
processed soybean food product of a higher quality than has
10 been produced hitherto by removing air bubbles mixed in with
the soybean slurry and effectively removing the unpleasant raw
odor that is characteristic of soybeans.
The soybean production method of the present invention
includes a grinding step (A) in which raw soybeans are ground
15 to provide a soybean slurry, and a heating step (B) in which
the provided soybean slurry is heated and thermally denatured,
and partway through the heating step (B), a deaeration step
(C) for removing air bubbles mixed in with the soybean slurry
is performed.
20
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic structural view showing an example
of the soybean slurry thermal deaeration apparatus of the
present invention.

Fig. 2 is a view showing the exterior appearance of

el
w

another example of the soybean slurry thermal deaeration

apparatus of the present invention.



25 Fig. 2 is a view showi ng the exterior appearance of another exanple of

t he soybean slurry thernal deaeration apparatus of the present inve §in?'2003
0 5 MAY 2003 6 Fig. 3 is a view showing thé exterior appearance of @ t

anot her exanpl e of the soybean slurry thermal deaeration apparatus of the
present invention. 5 BEST MODE FOR CARRYI NG OUT THE | NVENTION I n the above

described producti on fethogd; e tsHoswiFHQEft@lrea@x%eirfiotrhgpF!ééEiaHG_epb@C§8_§ (B)
and the dea-eration step (C) are perfornmed continuously. It is also

preferablgddhd.he heaiidepsten (B)yHimrdisesyath@riklisteBeaktAgnstep in
whi ch a tenperature of the soybean slurry is'raised to a predeterm ned

i nt er nedi a4 tanperat Wit and A rvecondigaii.ng step in which the soybean
slurry is further heated, and if the deaeration step (C) is perforned

between the first heating step and the second heating step. 15 Further, it
is preferable if the deaeration step (C) is perfornmed at the point when the

soybegn slurry reachgssf 6FPCFaL U LRERNGE @t ABid ad28@Tion the heating
step (B), and it is nore preferable if the deaeration step (C) is perforned

at the point when e saybean sliWdy J2rekes 3 heRBerat yge;20 range of 75
to 100C. It is also preferable if the deaeration step (C) is a nmethod for

removi ng @aids Hupbles 4 neyhiedy dihgy sRean Shyrbyidi endenegesdEhgpdssgh that
the tenperature of the soybean slurry decreases by at |east 3C or nore. 25

It is al Sft)praegeerﬁebgfeogr{edi&rgﬂqjd}gpstﬂy_ng step (B), the soybean slurry flows
alternately through a large dianeter pipe

It is also preferable if the heating step (B) comprises a

10 first heating step in which a temperature of the soybean
slurry 1s raised to a predetermined intermediate temperature
and a second heating step in which the soybean slurry 1is
further heated, and if the deaeration step (C) is performed
between the first heating step and the second heating step.

15 Further, it is preferable if the deaeration step (C) 1is
performed at the point when the soybean slurry reaches a
temperature range of 75 to 125°C in the heating step (B), and
it is more preferable if the deaeration step (C) is performed
at the point when the soybean slurry reaches a temperature

20 range of 75 to 100°C.

It 1s also preferable if the deaeration step (C) is a
method for removing air bubbles in which the soybean slurry is
depressurized such that the temperature of the soybean slurry
decreases by at least 3°C or more.

25 It is also preferable if, in the heating step (B), the
soybean slurry flows alternately through a large diameter pipe

and a small diameter pipe. In this case, in the heating step



and a small dianeter pipe. In this case, in the heating step 0 5 MAY 2003
(B), it is preferable if the soybean slurry flows alternately betmeﬁ%

| arge di aneter pipe arranged in a straight‘line and a snall dianete d@ﬁéW3
bent in a turning configuration. Furtheffnore it is preferable if, in the
smal | diameter pipe 5 that is bent in a turning configuration, the soybean
slurry is(heatied iy mtetandigiand bldven dobearhe lsaylyedi oslsurlyerfibeely
apparatus for thermal deaeration of a soybean slurry of the present

i nvent i orbeorglr seslamyd idisSmdeat ipigpapparaiges tihat sairseghtthé inenpedat ur e
of the soybean slurry to a 10 predeterm ned internedi ate tenperature; a

deaer at i an appar aliusndthat gleaernsdras irhe sapbdary slowfiyutfaatiohas reached the
internediate tenperature in the first heating apparatus; and a second

heati ng appadtadinisotdalt ciony el s ddiler nad, denater atadn by aherkelepibeat i ng

t he soybean slurry that has been deaerated 15 by the deaeration apparatus.
It issprefterahle dénd hen fd rnsirdiesd idih fippAlaatics , antet Reydeaand lheat/i ng
apparatus are provided with: a liquid feed pipe through which the soybean
slurry i snexdd niousdaancigeidateidiwra Sitearnne Xoypeappanatus .t hat heats the
soybean slurry circulating through the liquid 20 feed pipe by mxing it

Wi th steam arthea dggptitJeethb puhe iyl fredinag ibhe cForbeaybekur sy urnat/o t he
liquid feed pipe. It is also preferable if the liquid feed pipe conprises a
conti NUOUSt SHC g5 htofidvarrgel gl areieri Ppes ditrernakiatgny tbpstakls

di aneter pipes, noreover, it is preferable if small 25 dianeter pipes that
are bent dHuta AdilFH NG HOMdrpi @it e e thd elogosed Beuwegnta alurality of

| arge di aneter pipes arranged in straight lines. Furthernore, it is

prefepablgrddetermined intermediate temperature; a deaeration apparatus
that deaerates the soybean slurry that has reached the
intermediate temperature in the first heating apparatus; and a
second heating apparatus that completes thermal denaturation
by further heating the soybean slurry that has been deaerated

15 by the deaeration apparatus. It is preferable if the first
heating apparatus and the second heating apparatus are
provided with: a liquid feed pipe through which the soybean
slurry is continuously circulated; a steam mixing apparatus
that heats the soybean slurry circulating through the liquid

20 feed pipe by mixing it with steam; and a liquid feed pump for
feeding the soybean slurry into the liquid feed pipe.

It is also preferable if the liquid feed pipe comprises a
continuous succession of large diameter pipes alternating with
small diameter pipes, moreover, it is preferable if small

25 diameter pipes that are bent in a turning configuration are
interposed between a plurality of large diameter pipes

arranged in straight lines. Furthermore, it is preferable if



0 5 MAY 2003 a the steam m xing apparatus that blows steaminto the soybean
slurry is connected to a portion of the small dianeter pipe that i qﬂﬂt oi3n
a turning configuration. It is also preferable if the deaeration aBBaratus
is 5 provided with a deaeration chanber 8 n which soybean slurry is stored
and a suction apparatus for suctioning out air inside this deaeration
chanber . tlhe greesemisiinerdpmaratdd thew Ibd cdes erticlsed intodéthai EoyPRensoybean
production nmethod of the present invention 10 includes a grinding step (A
i n whi ch glaw isoyikeansirere et ounck topricn @ ahsoypbedd diemegeandipeheati ng
step (B) in which the provided soybean slurry is heated and thermally
denat ur edshetind paydnrayirt hr augin e dedtiguyastiem.(B), a deaeration step (O
for renoving air bubbles mxed in with the soybean slurry 15 is perforned.
Partway through tihe d1ead igye freasss i(B)theberawsatibni apperagubeased, the
viscosity of the soybean slurry is |low and the renoval of air bubbles m xed
i nto the sybern SIiWH ¥ ide fRastidbreev®ler Rar tAndyht Boobghnt Beubeating step
(B), the 2C thernmal denaturation has not progressed sufficiently for the
odor of tdwrsRykean slddwyido dpwe deen s eaiked ohangnyuextent ihyitbe
soybean protein at this stage. Therefore, if the deaeration step (C) is
per f or medHaay e ddviaghcidgdeati ng step (B), it is possible to
efficiently renove the odor from 25 the soybean slurry. Accordingly, it is
possi bl e to oltral & ddrgh deadarizatiidn efdwecte tdeaicriipenot nobeaknabl e in
t he conventional nethods in which the deaeration process is 9 0 5 MAY
2003 perfornedms thgwdef g ictfdremdddedt ithg prepenkbriaogatiohhe
deaeration step (C may be performed while the heating operation is being
per f oo med o wfdera tdie rgatd N Qperzat iion whdshbeem stboppads Srdogeothat, in
the production nmethod of the present invention, when necessary, it is
possi bl e dp grivplienend gftyah tdie g G &b@ﬁﬁ@) s@epUi(Bablia wADERSI ON
step in which the raw soybeans are swelled by being i mersed in water, and
a separ atgren el id yydeefrore uir afitehdate dheald Rgesihapliynddfaviied, t he
soybean slurry is pressed and the solid pulp (okara) is separated. The term
partway tawougr thiagy heatduth siep Hddr kAR ephg Bper kodeattetibratteg of the
soybean slurry has begun while it is higher than roomtenperature, and is
not parti@yl adzy rEmaovesiq iitrebudtdre £xanglee int e tteaheakbpbeshepl (Eymay be
performed during the tenperature raising step in which the tenperature i of
t he spybeaan pdrifiondds. rai sed by heat being applied thereto, or during the
thermal denaturation step in which the soybean 20 slurry is thermally
denatured by beimgamidHngd e tHhatidigs ed deerpenal Ur petatsa peedet er m ned
time. Alternatively, the deaeration step (C) nmay be perfornmed between the
t enper at Wea n@irsat@ St ethaand ddwes tdieramalt hderatyeah @nustepisHOvRVERd
because the odor of the soybean slurry is absorbed

the removal of air bubbles mixed into the soybean slurry is

easy. Moreover, partway through the heating step (B), the

20 thermal denaturation has not progressed sufficiently for the
odor of the soybean slurry to have been absorbed to any extent
by the soybean protein at this stage. Therefore, if the
deaeration step (C) is performed partway through the heating
step (B), it is possible to efficiently remove the odor from

25 the soybean slurry. Accordingly, it 1is possible to obtain a
high deodorization effect that is not obtainable in the

conventional methods in which the deaeration process is



25 into the soybean protein as the thermal denaturation progresses, it is
preferable if the deaeration step (C is conpleted before the therma
denaturation progresses too far. 0 5 MAY 2003 to Further, it is 05MAY 2003
preferable if the deaeration step (C) is3conpleted before the therma
denaturation of the soybean slurry begins. Nanely, in the case of this
exanpl e, perifsrpedf eiabke bkfrhe deaefatrohhetkpatOpgi storr fPRAVRI 4t her 5
partway through the tenperature raising step or between the tenperature
rai sing stép dedethéibhesmeb dénamayabeopesfepmednwbiterthe® pe3tfiorgm a nore
effective deaeration step (C), it is preferable if the heating step (B) is
formed fropeaatipst ikebkiing geeformedhbchaéiteenpke ahezeing epersovydrean 10
slurry is raised to a predeterm ned internedi ate tenperature and a second
heati ng shep brewhsthpbkd.soybean slurry is further heated, and if the
deaeration step (C) is perfornmed between the first heating step and the
second heat i ngNstepthblanekhiy, thkepsogbeamnos| method sohetibh @dpt s et
internediate 15 tenperature in the first heating step and subsequently the
deaer ati oanstepip€) Whendeaerating,the $eypeasilslerty imsplhemdror neeifore
Thereafter, either the soybean slurry is maintained by the second heating
step at thaet gipedanhyr etabt én)t hesdeaebati ommsteponostébein enpectatthhe of
the soybean slurry is 20 raised further to a predeterm ned final

t enper at urew Abyeesati uekyswalller bhebténpeimhergedfinh heatseybeand sd urry has
been raised to the predeterm ned final tenperature, it is then kept at this
t enper at usepakerepnt Beepnkérhedi at€ottenper afuee tsephefeimhl ytgetinn a 25
tenperature range between 75 and 125C, nore preferably between 75 and 100C,
and aven whiehpretesabbgaheteeny8Qsapdeifdf. ahd the s$ebhpeérmily e(ofatdle
soybean slurry is less than 0 5 MAY 2003 11 75C, the viscosity of the
soybean slidaregpesated.high and it is difficult to renove the mnute air
bubbl es in the soybean slurry, resulting in cases arising in which
effecti ve deaerati oarimspaetwpgsshbbeghOohéhkeat heg Haeod, (BN msaes thoe 5
deactivate the oxygen in the soybean slurry, it is sufficient if the

t enper at uperobdt hétsoyheanisbupfythe saiysednt 91d2Pb¢. haé bégun ntler reedi@at e
tenperature is set in excess of 125C, then the energy costs increase.

Mor eover, ishehghhe sbybeanosl| uempegetsrei t Ahd fsenat epa0fiFoGrihe
viscosity decreases. 10 As a result, it is preferable if the internediate
t enpértat urestsisetdwi thin the above tenperature range within which the
viscosity of the soybean slurry is low, the deaeration can be efficiently
perfornmed, theFbtheerahpdepatheaticearefidthesseybean paptisd npoetofsrmeot
progress too far, and there is little waste 15 of energy. Because it is
possi bl e tHorehfechevekppdeaenatertlheisgybeap shuwhiclytisettemge tdmire
internediate tenperature in this way and subsequently perform ng the
deaerati onfstkp EGypeanhsghrdgaesathoneefbpcheats b esprlli e @0 et d he
processed soybean food product being produced here is a coagul ated food
product sachdasitof ther thhemkikdenbfutheivenpeeat im ewloich hehs oydogagmrs| urry
is raised to in excess of 100C, the ability of the soybean slurry to
coagwlCat esisrrediicedhethel @forlenactired parbéectndy andynpsieatd add ectidhat the 25
internedi ate tenperature is set within the range of 75 to 100C. It is
preferabl eathatl rehpedeaerat fon st ppef€ietrminedethod. Alternatively,

the deaeration step (C) may be performed between the
temperature raising step and the thermal denaturation step.
However, because the odor of the soybean slurry is absorbed
25 into the soybean protein as the thermal denaturation
progresses, it is preferable if the deaeration step (C) is

completed before the thermal denaturation progresses too far.



0 5 MAY 2003 12 for deaerating air bubbles in which the soybean slurry is
depressurized such that the tenperature of the soybean slurry decreﬂgpﬁMbMM
at least 3C or nore. It is nore preferable that the tenperature of the
soybean slurry decreases by 3 to 15C. 51%his |owering of the tenperature of
t he soybean slurry occurs because, if the pressure of the deaeration

chamber isuredeeedicthe geétéﬂgbp@i Nt ohe theasoybesn sldp ric)dder eases so
that the soybean slurry boils nore easily and the vaporization | atent heat

is lost ig-RECordanservithehber RPN QényePPic gaNd Atk Ibynedrhe soybean
slurry while it is boiling. If the deaeration step (C) is perforned in a
deaer ati 0g) ¢hapeL g DAY NGame (| X0 VOhUINBa s & NEN 411 d Se:piv@i1ed abilce jthat the
pressure in the deaeration chamber is set such that the tenmperature of the
soybean shptfyrabier; fdeagt ahb by ecsLasesy 1oc Pyi SGoFfdmiel Garmpaired to
before the deaeration, because it is then possible to make the pressure in
the deaergi i Ofa ¢ hambeigR PRESBN S Al t WAE Cha { 518§ QAN S I dedithe gently
and to performefficient deaeration. By adjusting the tenperature

di fference.pbetde,s0YPeani 29 sturrynbef o e pdeh Al tfdn ABQ@ildro tieh .t hi s
way, it is possible to adjuSt the pressure in the deaeration chanber and,

as a result, to,agdiust thepextent 4 anyhi chirtde: sayheal sliidny ét%gd%sr,at ed.

If the tenperature difference of the soybean slurry 25 before and after the

deaerati of Siepf&etSpl £55r 1880 Ratcihle bOiding ofs thgmaylgam sl urry is
| ess vigorous and a sufficient deaeration effect may not be obtained. On

the othere; O 5,0 2003: 43 hang,: the, | aoges- 4 d alpanal waliakf erence of

t he soybean slurry before and after the deaeration step (C) the greater the

deaerat i om effects hoyeyer oV‘é‘e&é@%%ﬁrﬁ@%@tM&Hﬁé&i%t%‘%xﬂﬂé%%%%s to

15C, then the deaeration effect iIs e sane as when the tenperature

difference,ds e i Lo r r j i f: & he
deaerat i o%n%f? 2%&%\63&\%‘? ?g—gﬁé o§ p%:%nlsﬂérv\v/}?%%meﬁ{efgﬁtﬁeaétnntsﬁe@e}pnﬁgr ature

di f f er ence, of,d he, soybean, shur £y hefare. and af tared he:deaerabinmster (O

is set to 3 to 15C. 10 1n accordance wth the set Internediate tenperature

and wi th ydie,d Spetat 81 £ 0Thd et 59, Shdrtne d&ind e A83RS klpn step

(©, the nethod used for the second heating step performed after the

deaeration stapiOycambesappeopriptely selkededy fromong rmekQldieng the
soybean slurry ~5 at the tenperature Thereof after the deaeration step (O;

rai shpg thed&mparad Ui e ofe ther sonbean: $d UWddp falHd Nelbdey i dngdether m ned
final tenperature; or raising the tenperature of the soybean Slurry to a

predet er maed 4 1ol & eaperef Ur s aidhd heni ol didgsdfpatn this temmerature. |t

is preferable that the 20 soybean slurry be ultimately heated to between 95

and | 25C @sr tdiirge £aUSRSr der & herdad hdenatdirsd st o ke qonRy %Ia%-taE%ld

exanple, if the internediate tenperature is set to the conparatively | ow

tenper at uie fe | £sSoddane £oIh@nsk dhest hetdrad efnatinat ign &f thie soybean

slurry has not progressed
deaeration step, or the temperature of the soybean slurry is

20 raised further to a predetermined final temperature.
Alternatively, after the temperature of the soybean slurry has
been raised to the predetermined final temperature, it is then
kept at this temperature.

Here, the intermediate temperature is preferably set in a

25 temperature range between 75 and 125°C, more preferably
between 75 and 100°C, and even more preferably between 80 and

100°C. If the temperature of the soybean slurry is less than



25 sufficiently in the first heating step, then it is preferable that the
tenperature of the soybean slurry is further raised to the higher final
tenperature of 95 to 125C in the second 0 5 MAY 2003 14 heating stepl $MAY 2003
as to advance the thermal denaturation.{1f the internediate tenperature is
set to the conparatively high tenperature of approximately 125C and the
thermal deyrat urdld an Lo dihs BYhkerRN Hywelan @Q%r&?ogl’se%%dh%fﬁ kebeptly 5 in
the first heating step, then the tenmpérature of the soybean slurry does not
need to he raiged iy ther diJhg rieqand Reati-ngusleBsand eR¥ beybekd at the
tenperature at the conpletion of the deaeration step (C). In this way, it
i's possihlg 40, apropnialelh select 4NeilY ext Gt Al ckhecheati ng and
tenperature rdising in the second heating“step in accordance with the

| nter md'(%ta%rtaec%%r AR Seloddlile o $heh@aheRInghap aRdownkbh the extent
of the subsequent ténperatture reduction in the deaeration step (C).

Mor eoyer ,ydt-+:S 2lSq JROoSsi t; e Jhis dechsi inelb.acgeedancg-with

t he tgpe%%a%%%gggggggégégggﬁl#gbgﬁbrg&&?%abe%ngrgpédgce ? For exanpl e,
when maki. dri h,.as | refierabl e smet had 4i pyol yes-heati ng
t he soybéggtsehﬁfg&f%gﬁﬁg% fﬁpﬁﬁg;f#pg%aﬁegeﬁﬁggsggp ang t hen Pomering t he
t enper at ure b rQxjnatel i e .de at. .o €R. oand gexr,
thereaftgﬁ?thghgﬁﬁéﬂﬁﬁgﬁggy gg%%%%ﬁ%%ﬁ%églggé Fh ?ﬁggsgcgnd %eatlng step

and hol ding. t fhere 10/ c%%rsoﬁin@te%'%.3mb‘}e%5ze@,”k%§)§ﬁ- th@ LBgpREAdUCti ON

met hod of the present ‘I'nvention, the heating step and the  deaeration

step (C.) STRY g%%rsf erigi:’\qnz%hléga aﬁo‘%n@‘@n,cf}e%lengi%eé&é%“ﬁeé?ga§e§!‘0""ﬂ
deaeration apparatus. anpl es of the heating apparatus include Indirect

0 5. M 2103 15 daaling M hod N9aing 13PREALUTEFn8HEl . 8 cBnsuEL AGEe heal
exchanger, a plate heat exchanger, a double pipe heat exchanger, a

mul i pi pe Neal: eXCRANOGHe 310 Gk 2XehaNgsh,<a,f LAl nERE cAxehanger, and
a scraped surface heat exchanger; an i rect ﬁeaplng met 08 heati ng

appar at usaS Il JToe WIS Suhean Sy LaoSLher bl Reskeam BRdchaake i o

m xture such as i'njection types and i nfusion types of heating apparatuses.
It is preferahle.th i ti th I ppar S.l d, as
o Sl anahienbialocs il Honlichg HRbha eat kegAPDs: ghuschgobss

| ndi T ect HEAling SR NAIAA APRYALUS | 8nusedle LaLE Beedsel abest aken
as regards the operating conditions and operating tinme, as soybean protein
tend§5tocgeggg§ﬁ®qrned and stick to the heat transfer surface of the
apparatus. 15 In"the present invention, a desirable heating apparatus is an

i nj ection net had cant iiQU%sg%%%tiibﬁ% %%p%rf%te_lé%itvgﬁ& Beatsathecgoybean slurry

by continuously bl ow ng ste into the continuously crrculating soybean

slurry. A ii-$ RE Qf RPRAALYS, (e i%FE@"Hn@rd'ﬂétge§%fnhggg.t9?!ao¥\’n tRis

particular, is 20 the nost desirable. In this type o eati ng apparatus, at

the portiQn uher & ffie Rleamy $dloum;iat @ HhgesyaeaB,sLUERY (c§t €gm pi pes
are joined onto the pipes through which the soybean spurry is circulating.
high deaeration effect is manifested.
20 When the processed soybean food product being produced
here is a coagulated food product such as tofu or the like, if
the temperature of the soybean slurry is raised to in excess
of 100°C, the ability of the soybean slurry to coagulate is
reduced, therefore, it is particularly preferable that the
25 intermediate temperature is set within the range of 75 to

100°C.

It is preferable that the deaeration step (C) is a method



25 Note that, nore specifically, in this case, it is possible for the steam
pipes to sinply be joined to the pipes through which the soybean sl i
circulating, however, it 0 5 MAY 2003 16 is al so possible for théﬁiﬁ&%hﬁ3
pi pes to protrude into the inside of thezpipes through which the soybean
slurry is flowing and to provide the steamoutlet at the distal end of the
protrudi ngost eagepapengl Bithbabbase, ihtwhsclleshe abd ghedn SsIherystisam out | et
opens facing the direction in which the soybean slurry is circulating (i.e.
if the outkpteopenibgdf ager thetdonsstemparsttiestodncted ddyddrove lofr tyhe
soybean slurry). By providing the opening of the steamoutlet such that it

faces theddewestesanyditetthen 8fCthe mbow oft the ridr s qyebar ) e rhatt he
dynam c pressure of the soybean slurry acts on the steamoutlet and a

phenonenophest grperatadei 8f Wohehsbhibe st e b 5r ¢ Utd ¢ vresk 4 anwardse d e °st.eam
outlet and the steamis blown efficiently into the soybean slurry. In the

heati g apparatusedingherptreetbmpBYENii®Nof ithé Ssdybetasi gl e tdmturtshe
dianeter (i.e. inner diameter) of the pipe through which the soybean slurry

circul at epetsudesi gpeghtopbesBare s athé Nee POFA t 0oh Weinbdhel streaiides, bl own
into the soybean slurry, as described above. By making the dianeter of the

pi pe throdugh ¥biChnghgo2R:-SEYDERE SbibEyn | S1 &t ¢ UWatidissBdd dHht Ribe way,
the speed at which the soybean slurry circulates is increased resulting in

the dynansgypegsssigrol bBe180ybeaness ULy YahdCHeaSE Kb @inth ¢ 9T et ent
decreasing the static pressure. Therefore, the action of suctioning the

steamin hbBgrsieamout Lft absostaRBEt heMet:Zd anshidhe £fddwd enfanhadde
steam blowing is inproved providing an effect of stirring the soybean
slurmo The Ppheesoybeatghlwhikghwhhee SOy beanbsd iy, circul ates is
If the deaeration step (C) is performed in a deaeration
chamber having a fixed volume, then it is preferable that the
pressure in the deaeration chamber 1s set such that the
temperature of the soybean slurry after deaeration decreases
15 by 3°C or more compared to before the deaeration, because it
is then possible to make the pressure in the deaeration
chamber a pressure at which the soybean slurry boils gently
and to perform efficient deaeration.
By adjusting the temperature difference of the soybean
20 slurry before and after deaeration in this way, it is possible
to adjust the pressure in the deaeration chamber and, as a
result, to adjust the extent to which the soybean slurry is
deaerated.
If the temperature difference of the soybean slurry
25 before and after the deaeration step (C) is less than 3°C, the
boiling cf the soybean slurry is less vigorous and a

sufficient deaeration effect may not be obtained. On the other



0 5 MAY 2003 17 fornmed with an appropriate turning structure, for exanple,
it may be forned in a U shape (this is so as to reduce the area covered by
the apparatus), and the heating apparatus of the present inventi chi MAY 2003
desirably is designed such that the diapgter 5 of the pipes through which

t he soybean slurry circulates is also made smaller in these |ocations where

the pi peshidd oughe iH £de t hen & oydiesdt S W d Ya 10 fedrife o farttheTad He@rt Ur N.

Thus, by making the dianmeter of the pipes snaller in the |ocations where

the pi pess1iy Opahe i € haddies soybeane sddidatibCidtey ates e grade o turn,
the fl ow speed of the circul ati ng soybean slurry changes and an i deal

M xi ng stede dsadcd BVed f fle ] CHoddige S0MRRaN tHdrtamdey ddideoughl y ,
agitated. Therefore, the characteristic effect is obtained that the protein

conponentq cofd @dmed i tdies &4 resll Bidg wabeae ddddnadionl turickorrl y
m xed. In this case, it is desirable that the dianeter of the turning

portien ighd nsdhe JAngeePftrdd 4 dfpd x D e tduer fdi ripRicer: Ofpeifte Rispe .t hr ough

whi ch the soybean slurry is circulating. Furthernore, because, air bubbles

are genergld ye ggner ated; 201 drd e SOyRean &l Wi L He ddddraed ono@ rifleger ousl y,
it is preferable if the soybean slurry is normally nade to circulate in a

pi ston flow.sdat e d nsé deotder pime dduQugh whi ahd hergbearesl urry is

circulating. By heating and deaerating the soybean slurry as it is 25 nade

to circul@terd st othd | QWisd At & Wi e REidYG WridPraudyy @i tated in this
way, the present invention is able to achieve a further remarkable effect.

0 5 MAY 2003 18 AW Mrfé)usigmsyepec@%eng grs tcthe deaerati on appar at us
provided that it is able to renove air bubbles fromthe soybean slurry,

hoveyer, it ispprefesablifed fuffh aRRArAiUS ddidind § et kil 6@ and
deaeration chanber and a suction apparatus 5 for suctioning out air from

i nsi de t his: aasr atdmk chaphero s pised yang, i1 whiych segbean slurry is

stored in the deaeration chanber and the pressure’inside the deaeration

chanmber i Jadiced, Whsl, the idnd Snetidd anedy oYy flikmdhe ndeartatingn
chanmber, as this allows an excellent deaeration effect to be
step performed after the deaeration step (C) can be
appropriately selected from one of: holding the soybean slurry
15 at the temperature therecf after the deaeration step (C);
raising the temperature of the soybean slurry further to a
predetermined final temperature; or raising the temperature of
the soybean slurry to a predetermined final temperature and
then holding it at this temperature. It is preferable that the
20 soybean slurry be ultimately heated to between 95 and 125°C as
this causes the thermal denaturation to be completed.

For example, if the intermediate temperature is set to
the comparatively low temperature of less than 95°C and the
thermal denaturation of the soybean slurry has not progressed

25 sufficiently in the first heating step, then it is preferable

that the temperature of the soybean slurry is further raised

to the higher final temperature of 95 to 125°C in the second



10 achieved using a sinple structure. Additional exanples include a fluid
cyclone which circulates the liquid so as to generate centrifugal force and
collect air bubbles in the center portion of the circul ati on due t & X W& 2003
buoyancy opposing the centrifugal force,l4and then renoves the air bubbles
fromthis i5 center portion; and a centrifugal separator which renpves the
ai r bubbl &sahyngi stepatsiong st e laidqandei hhehéhsamel wagnasingt heehahf cte
power. Moreover, In the production nmethod of the present invention, the
heati ng stiepetBpddandet hergpeaaratrieconsssep ¢€) tR naypbeausedly dridpat ch
processing or may be perforned continuously. If they are used for batch
processi ngempleatuere ofxapprextihatedly 185acnmehdodhéentwditrednl t he soybean
slurry is placed and seal ed inside a seal able container and the first
heat i ng stlepa2bris iper odr reed Byyheahi ByutbiyShseapedgronsad neuf f anderithign, at
t he poi nt when the soybean slurry reaches a predeterm ned internedi ate
| evel 1 enper atur € rshe hdeaenat isarpst epetCrhestempPe ba Mivre 2003t He ~gdo perdror med
by suctioning out the interior of the container, and thereafter the second
heati ng steprtr¢ Hoekheotheatkd he seybeanes| finryhes pertloe nedcond is
possible to efficiently performthe heating step 5 (B) and the deaeration
step (C) uskn@nghksebypadomalyattehhpildcessthg memnpedatbhoseserthen order to
nore efficiently performthese steps, it is preferable that the heating
step (B) andplbeideaeratihendsthepatCpnbetper fiofmed continuously. For
exanple, the heating step (B) and the deaeration step 10 (C) can be
continuously penf ernaedwhy,uditng sapbBetvik deaepptopniapphy ateBedct e ch a
plurality of continuous type heating apparatuses are connected in series
and a @ontkneaysofypeeddaardnigoanappanpeuatiuseprayvsieg betvieenseasid heati ng
apparatus, and by continuously circulating soybean slurry 15 through this
appar at ushektihg Bokpneeessabydbhakt abiky 6ne cABEirNEOLSt ¢ ypempsenet ditd on
apparatus be provided between the heating apparatuses and it is possible to
provi de twetoinmehe Betweeneheahigngtappandt wses. thé ésta@hsoopreierabl e that
ot her steps such as the separation step and the grinding step are 20 al so
per f or redsapbtiodauskympk rb@ rheatdogrsbapiaBihandeibeatieaeratepn(step (O
are being perforned continuously.

Moreover, 1t 1is alsc possible to make this decision in

15 accordance with the type of processed soybean food product
being produced. For example, when making a drink such as soy
milk, a preferable method involves heating the soybean slurry
to 105°C in the first heating step and then lowering the
temperature to approximately 100°C in the deaeration step, and

20 thereafter, heating the soybean slurry to 120°C in the second
heating step and holding it there for approximately 3 to 15
minutes.

In the production method of the present invention, the
heating step (B) and the deaeration step (C) may be performed

25 using a known heating apparatus and a known deaeration
apparatus.

Examples of the heating apparatus include indirect



By perform ng continuous processing on the soybean slurry in this manner, a
| arge scal e, |arge production volunme can be achieved. 25 Fig. 1 isE[fI.h
schematic structural view show ng an enbodi nent of the thermal dea M#BHWJ
apparatus 1 of the present invention. It5is preferable that this apparatus
lis 0 5 MAY 2003 20 used as it enables the heating step (B) and the
deaer ati onestepg( mpthodbacperhor spdacattsayossty anda efdtfaenthyat The

t hermal deaeration apparatus 1 is provided with a first heating apparatus
10 for rakescRgnybe,t enperaktuneadf ekbrahgspybeatosh L ryip® et edet er mi ned
internedi ate tenperature; a deaeration apparatus 20 for deaerating the
soybean skurh¥ngBee bt mhasipepehpdat hextRig§aEdi at €ol EreiataKchingdhe
first heating apparatus 10; and a second heating apparatus 30 for

conpl eting thett ReedakxdaBALHEAt kAR BYsEUEbBEr shepidathdde dfkisaydhean
slurry once it has been deaerated in the deaeration apparatus 20. The

thermed deneratirentappatahySméth6dahe8t PhEVASSEr Nt bded SQYDERNK SERE Iy
storage tank 2 in which the soybeans slurry Iis stored before it is heated.

The SOyb?@By&eHﬁr¥li19§%/_d€olgéi:ﬁei_5w§@b{b§@@ar§|éhﬁcHYhéé@r@g@s tranke Zrd Ssf@d into
a feed pipe 12 of the first heating apparatus 10 by a netering feed punp

11. Afterabeingeheabtgdryphe §9Mb§§ﬁu§i6ﬁrVy%@§ng§iMééﬂfﬂéﬂ%ﬁﬁhﬁéﬁdbéﬁIOugh
t he deaeration apparatus 20 and t he second heating apparatus 30. 20 The

first heatingsappakatts1d0cand Lhgisecpndebedtd NG aPRANA IS 3P are equi pped
with feed pipes 12 and 32 t hrough which the soybean slurry continuously

circul ategppatgansf egduappar akusgs 43y888n 331Vt Ay Wb ikt d&mperat ure
steamis fed into the soybean slurry circulating through the feed pipes 12

25 and 32:rapndiégedypumpscdicands 31ifoinf egdi Pect hee SoMbeaneladry into the
feed pipes 12 and 3%. Therefore, 1t is possible to feed soybean slurry at

an optiongkathipy £b8rk0h9 isOuSeHAYc2PO3nadas hes fised Pidiesad 2k B2 i n

the first heating apparatus 10 and the second heating apparatus 20, and to

heat thi stpeybganashgr¥orbieubati a8t porghi dde: fed N pesydaand 32 by
directly mxing steaminto it. Steamis supplied to the steam5 feed

appar at usgsod3i ANde3dsf £ 8MbacShEATU SHER | IndiNs£ 1 L0 i e dransh Pipesrd0 and
| 20. The steam feed apparatuses 13 and 33 are not limted provided they are

capabl e ofudisestby tgedipgasteasnto the feed pipes 12 and 32, and it is
al so possible for a check valve or the |ike to be provided so that the

soybean 10 sluffy:deesr8obnt!| oMbt 0ok Nex sSdeam 1erd I8 d J k2335 The
steam supply rate can be controlled by pressure regul ating valves |11 and
| 21. 15 an injection method continuous heating apparatus that heats
the soybean slurry by continuously blowing steam into the
continuously circulating soybean slurry. As this type of
apparatus, the apparatus described below, in particular, is
20 the most desirable.

In this type of heating apparatus, at the portion where
the steam is blown into the soybean slurry, steam pipes are
joined onto the pipes through which the soybean slurry is
circulating.

25 Note that, more specifically, in this case, it is

possible for the steam pipes to simply be joined to the pipes

through which the soybean slurry is circulating, however, it



The deaeration apparatus 20 is equipped wth a deaeration chanber 21 for
tenporarily holding the soybean slurry and a 15 suction apparatus Qﬂ%MAYZ%S
suctioning out the air in the deaeration chanber 21. An ejector 23 t'hat
suctions out the air using the dynam c psessure of a water jet, or a
commonl y known vacuum punp, or the like nmay be used as the suction
apparatusis Neleotpassibhe FEgr fhet bieesynbobe24t ¢ nohr catwese ai vt erhepi pe and
the 20 end 25 of the water pipe is connected to an unillustrated water
source. Noteiddadfthrespngbe totoshii whichetishoveyterre showsy tie fl ow of
water used to drive the ejector 23. It is preferable that a |arge surface
area of theowoOydeandstarpyotneé dent her deaesat 1on sharmerdizltdls drd ednt act
with the 25 air, therefore, 1t is preferable that the soybean slurry that
has been hieatgdobyudhegf st simheapé NgIAPPRL at tissd0 LOMBS dddia Asl Much
contact with the air as possible when it is introduced 0 5 MAY 2003 22
into the teaesatimnoghasbespdds Foriexatpé editdcdivn end wofi dthecHeeed pi pe 3
that is connected to the deaeration chanber 21 fromthe first heating
appar at ussd@bdsn conneey eds i di fcBANEfigi 0L WA chf i the wns I tongdrhieng nner wal |
surface of the 5 deaeration chanber 21, the soybean slurry that flows into

the deaergddof chanbewndrésmciicataied onstle fhey demertad i yydwmnber 21
along the inner wall surface, resulting in a |arge area being in contact

with the @idrr@) hepy exaspl @5nd Nehsldspan Iy o tHe Wi i tdier Iy harth sl urry
is mde to flow fromthe 10 top of the inside of the deaeration chanber 21

in a thinfidd mal oa8e$ hend nasin yetéakudf pe€r 0dn tde wWeaerald ¥ afrrber 21, a
met hod in which the soybean slurry falls like a curtain fromthe top of the

i nsi de ofsé}k@eéixeaﬂ@fign €ha ardie praeihed dn v dbydeisayhgay slurry

falls in a plurality of lines from15 the top of the inside of the
deaer ati acchasheth@lscand GuiBd H0oshd Na Wt Sloridieors oy e eddtidy ifal I's in

dropl ets. However, when the viscosity of the soybean slurry is high, there
is no neethich the stehace aneeidled heowoydeaims!|dtidam tdiatl dts driy aoRt act

with the air to be so large, and it is sufficient if 20 the soybean slurry
i's sinplys@ddrowes 1bDodh O¥F £ ¢ Dedhey deded athOns SeddIers Aikery .
In the heating apparatus of the present invention, it is
15 desirable that the diameter (i.e. inner diameter) of the pipe
through which the soybean slurry circulates is designed to be
narrow at the portion where the steam is blown into the
soybean slurry, as described above.
By making the diameter of the pipe through which the
20 soybean slurry 1s circulating small in this way, the speed at
which the soybean slurry circulates 1s increased resulting in
the dynamic pressure of the soybean slurry increasing and
thereby decreasing the static pressure. Therefore, the action
of suctioning the steam in the steam outlet is strengthened
25 and the efficiency of the steam blowing is improved providing

an effect of stirring the soybean slurry.

The pipes through which the soybean slurry circulates is



The nethod of thermally deaerating the soybean slurry using the thernmal
deaeration apparatus 1 will now be described. 25 The soybeans slurmgpﬁﬁqqu
in the soybean slurry storage tank 2 is circulated through the feed pipe 12
of the first heating apparatus 10 by thé7netering fuel punp 11. Steam used
0 5 MAY 2003 23 for heating is blown fromthe steam supply apparatus 13
into the doyhednwskbrey bppirdpriheef eednpnpesduetherebyt dreaianp e iSoybean
slurry to an internedi ate tenperature. The tenperature and pressure of the
soybean shayr peclinreachibeacontheped (tusingisd so tenpsr atethecgauye Hend
pressure gauge 4, respectively. Mreover, the tenperature of the soybean
slurry canoberadj bgt edebyppaereasi hgand teereast iny tdpparmoun of tSteam by
adj usting the amount of the opening of the pressure regul ating valve 11l of
t he steanpsuepphy unvent@6n d8sThebioybsadeslgmad durat diest been digatesebrt 0
the internediate tenperature is fed to the deaerati on apparatus 20 through
the feed piEtpehd andetl awsolphowhhehdeaer adyloske e halndery 29i iofultdteesdezer ati on
apparatus 20. The air inside the deaeration chanber 21 is suctioned by the
ej ector 231%b depeessuaiilzbngnt heesat bocatiofs tutes deadratp igre < hamyergi21 and
deaerating the soybean slurry. The pressure inside the deaeration chanber
21 can bewhobnht ohedsusbagnt heupressiireujauge 26e amahe ito additd on, the
pressure inside the deaeration chanber 21 can be controlled using the
vacuum br eaker TRdssubl RBkihat thbedpamesser eof nshalepidees deserladd dm ctranber
21 does not becone too |ow. During the deaeration, the values shown by the
t enper at ut ecgatigesSwasdet bRret phpesathreugaugei dh attee dgsdan aiserned, and
the extent of the suction is controlled such that the difference in

t enperat ueerbet wees the nadettsi derapdt26 fhew apded &f deheofcitmidaaergati on
chanmber 21, nanely, the difference in tenperature before and after

deaer ati osoiybeanpsedet¢r ohardevakne. an Odda ML 2008 2% tkhel saydrgiasves] urry

t hat has passed through the deaeration chanber 21 arrives at the second
heating appawhAius BRevisaybbenf edrpi pes Gthbdroddiel s e teds THeddTddd,r st
heati ng apparatus 10, in the second heating apparatus 30, the soybean
slurry isthefedatoctbeibeed prpecB8libyobbeidiepd it hil st sitream used for
heating is blown fromthe steam supply apparatus 33 into the soybean slurry
i nsi de t heohpeflept peodRaihber ehytharthecuheaindsdhes0ydeanrsliwry. The
tenperature of the soybeans slurry at this point can be confirnmed using the
t enpearsat unei 10rgaugeiBedThe soybean slurry can al so be controlled using the
pressure gauge 9 and the back pressure regulating valve 9a so that =t is
heated to a poInttwhereast, ddesinolie®dtabldhehsoyean isingter tdratt Haas

conpl eted thermal denaturation in the second heating apparatus 30 can be
used 15 fourmangopsrpionessetinsoybenmndoods piodust sl AUt ashesidikanteafel,
cotton tofu, secondary tofu products such as fried tofu and dried tofu,

vari ous odvhethéypeseofhpoogessetichothie €oyinksn stichrms isoyeiddiK,atsieyhean
casein (yuba), freeze dried tofu, and the like. In addition, these
processed soybPantpeoduets Beeaned, air bubbles are generally generated

20 1f the soybean slurry 1s stirred too vigorously, it is
preferable if the soybean slurry is normally made to circulate
in a piston flow state inside the pipe through which the
soybean slurry is circulating.

By heating and deaerating the soybean slurry as it is

25 made to circulate in a piston flow state while being

vigorously agitated in this way, the present invention is able

to achieve a further remarkable effect.



20 limted to food products for human consunption, and the soybean slurry
may be used in aninal feed as well. Next, specific nobdes of the thernal
deaeration apparatus 1 in the above Fig. 1 will be described. Figs/[ 5MAM013
show exterior views of other enbodi ment3ds8of the soybean slurry 25 therma
deaeration apparatus of the present invention. In Fig. 2 or Fig. 3, the
sanme descri pti ey sypbotstas nsedbenued. fdr arles udsexk fari @l egrdsatturat are
common to Fig. 1 and 0 5 MAY 2003 25 a detailed description thereof is
omtted. Pobeiddatthath Ftgis2ableFitg. rénoviotait |bukhiel ed et stishown in Fi g.
1 are illustrated and the illustration of a portion of the elenents has

been onmit§edbedn | 1l Py, 2nokibeet| =5t heaptafe pyipos al fisarl G pddres tdeaarhatt on
apparatus 20, and the second deaeration apparatus 30 are each fixed to a

comon fragep2PPidéd hhenfirgéabeatiog appaset und G dhet feedgpq@atld is
formed fromsanitary pipe made from 2 inch stainless steel. 10 This type of

feed @i perd2 sscprovigiedobt dhe frameiRO0dé ncidi £ oddd gpitatdronceomyy disng a
series of suitable turns with the aimof reducing the surface area of the

i nstal | ati;98d anghd hen phipechl §6pBEhYsl eadlg 19 ddherdeaal atHonmanardions 20.
The second heating apparatus 30 is connected downstream 15 fromthe

deaer at i obhafper adns 2Me apbet berst inside erid déd srsecankHmadd Mg appar at us
30 is particularly distinctive. Nanely, in the second heating apparatus 30,
in the sapedueydashém tihe &ifstsheatt tgnheppabatfisor &hd heedeaed e 32 is
chamber, as this allows an excellent deaeration effect to be
10 achieved using a simple structure. Additional examples include
a fluid cyclone which circulates the liguid so as to generate
centrifugal force and collect air bubbles in the center
portion of the circulatiocn due to the buoyancy opposing the
centrifugal force, and then removes the air bubbles from this
15 center portion; and a centrifugal separator which removes the
air bubbles by circulating the liquid in the same way using
mechanical power.
Moreover, in the production method of the present
invention, the heating step (B) and the deaeration step (C)
20 may be used for batch processing or may be performed
continuously.
If they are used for batch processing, then, one example

thereof is a method in which the soybean slurry is placed and

sealed inside a sealable container and the first heating step

ro
wm

is performed by heating this sealed container, and then, at
the point when the soybean slurry reaches a predetermined

intermediate level temperature, the deaeration step (C) 1is



provided with rectilinear pipes 39 (2 inch pipe) and these 20 rectilinear

pi pes (for exanple, 39) are provided in the frame 200 in a configuraghomy 2603
that conprises a series of turns. Moreover, the steamfeed apparatus 33 Is
connected to a turning pipe 35 at the bdt*omend of the feed pipe 32 and
the dianmeter of the turning pipes 35 is designed to be smaller 25 than the
di anet er ofertfloemegcbiyl isneari opiipgs o84, tha Ehger2ert hé theaneerfa bieracind
turning pipe 35 is 10 mm In the sane way, the dianeter of the turning

pi pes (fortherba% teAY t2@03 2B neX amplceng36rent tohfutrbpeendeat the fadekai pe
32 is designed to be smaller than the dianmeter of the rectilinear pipes 39
(i.e. 10 miurryThssperrifctrivedsecond heati ng apparatus 30 shown in Fig. 2, 5
because the soybean slurry passes alternately through a | arge di aneter
rectilinear pipe (2 pochiblforocexdfikcesn8by padfarsnehé¢ eameterstap ni ng
pipe (10 mm for exanple, 35, 36), the soybean slurry flows in a vigorously
stirres st@beanesuhti Agaenrattienpsakel fCconsangethis tpe sof bemtcls| urry
being uniformy IO heated and having a beneficial effect on the finally

obt ai ned prodectiniomethat,, hiowetvkirs caserdethetsoybeanesfiwigntilsy flowng in
a piston flow. In the apparatus showmn in Fig. 3 as well, in the same way as
in Fig. 2petlierfi taeskeatiepy,appariat pgeibranléheheasehofhddbt Fig.step S
designed in the sanme way as the second heating apparatus 30 as a

conbi nati @aB)oknbHatge dieageiernohecticbi nearbpi pestd2mdd i dksi i raunsh sl |
diameter turning pipes (1 inch). According to this type of production

met hod for soybeansxahgtaysehthecdeaagaktop $BEPah&) thoOrdeama ngh tdheem@i r
bubbl es 20 m xed into the soybean slurry is performed partway through the
heat il stiep €Bjh, bkheosybaanssyupey fosmbaabeduandgthetled o€l t he viscosity
is low and the air bubbles mxed into the soybean slurry can be easily
renoved. hbeeoeedpnpappwaytiilsr aughhtba hepliungl 5t epof Bjont hreudlhertmle
denaturation has not 25 progressed too far and the odor of the soybean
slurry hasenotiinbeeppabsocubed teecappnhargedexhesnérbys tdred soydxeani reisei n.
Therefore, if the deaeration step (C is performed partway 0 5 MAY 2003
27 type deaeration apparatus is provided between each heating

apparatus, and by continuously circulating soybean slurry

15 through this apparatus. It 1s not necessary that only one
continuous type deaeration apparatus be provided between the
heating apparatuses and it is possible to provide two or more
between heating apparatuses. It is also preferable that other
steps such as the separation step and the grinding step are

20 also performed continuously if the heating step (B) and the
deaeration step (C) are being performed continuously.

By performing continuous processing on the soybean slurry
in this manner, a large scale, large production volume can be
achieved.

25 Fig. 1 is a schematic structural view showing an
embodiment of the thermal deaeration apparatus 1 of the

present invention. It is preferable that this apparatus 1 is



t hrough the heating step (B), it is possible to efficiently renove the odor
fromthe soybean slurry. Accordingly, it is possible to obtain an excell ent
deodori zing effect that has been unobtainable in the conventional rbex M&L03
in which the 5 deaeration step (C) is penfornmed either before or after the
heating step (B). Furthernore, by performng the heating step (B) and the
deaer ati onsstieps( €r eanbilBdodBkyhetbenpr scesse¢H) saybesine f doge patotuct S can
be produced nore efficiently. 10 Mreover, by perform ng the deaeration
step (C) atephecpotst benpkh€oghetr Ebeai hagusl gpafd) e bl éimel soybean slurry
is in the tenperature range of 75 to 125C, and nore preferably, in the
tenperature rampe ehe?hallodé@@Eatibni sppasstbbelt ds denev adied twetlsaybean
slurry while wasting very little energy. 15 In addition, by renoving the

ai r bubbl esrvhi headepyeappeiraktng therfsoybeapisfuthy tempdeatieperat ite st ep
(© such that the tenperature of the soybean slurry decreases by at | east
3C or 9r goybkahSspagsiybke topebtatBrANnedCcent €nhedeaes at émpeeifecd; usi ng
little energy. 20 Further, because this type of thermal deaeration

appar at usddaksapioni dedavhthsazbi Fst beatiragiappanat sisyddard ofl uatsidrg-4 he
tenperature of the soybean slurry to a predeterm ned internedi ate

t enper at ut €; hasdeaeeatbonhappakakned20t & otedpacsi atit €0it hehsoybestn sl urry
once it has reached the 25 internediate tenperature in the first heating
appar at ushd@tiagdappaeeend heat kfg appatahdshéfting sopPtetunNP ¢ hiod her nal
denaturation by further heating the soybean slurry once it has U5 MAY
20G3 28 beempUeaengt efel AhkRRadeachat oot appRab it Bgr2her thea SOYPedEe sl urry
is heated to an appropriate degree and it is possible to deaerate the
soybaan skupbyant sanrkdeahcti e hekopeefingebbeit@l DEenghalrdddOn@igh to
obtain a soybean slurry in which 5 the odor is suppressed. Accordingly, it
i's possi bhgpipac@nt ppuously and effectively thernmally deaerate the soybean
slurry and to renpbve even mnute air bubbles using a sinple structure nore

effectively thanewbgarkhe deaeration apparatus isiproviseshapsddeamdy om
the first heating apparatus or than 1C when the deaeration apparatus is

provi ded §10§\@$Eé§ﬁ%ﬂﬁeﬂyt beogegendahrari g ARPEK atMs . s@sedhe subseguent
deodorizing effect is nost renmarkabl e. Mdyreover, by using the deaeration

appar at usi 20st baédi seegubppedi W hBat be. deper ab{198a ks hanbery 2Ind e this
tenporarily 15 hol ding the soybean slurry and the suction apparatus for

suct iieni ngopéat herakkyi Brbhegdeagnhat » ops chaabektdla fded SpRMsSiblEr to

obtain an excellent deaeration effect using a sinple apparatus. Exanples
the first heating apparatus 10 by a metering feed pump 11.
After being heated, the soybean slurry then circulates in turn
through the deaeration apparatus 20 and the second heating
apparatus 30.

20 The first heating apparatus 10 and the second heating
apparatus 30 are equipped with feed pipes 12 and 32 through
which the soybean slurry continuously circulates; steam feed
apparatuses 13 and 33 via which high temperature steam is fed
into the soybean slurry circulating through the feed pipes 12

25 and 32; and feed pumps 11 and 31 for feeding the soybean

slurry into the feed pipes 12 and 32. Therefore, it is

possible to feed soybean slurry at an optional flow rate into



2C The present invention is described in detail bel ow using exanples.
(Exanple 1) Soybean slurry was thermally deaerated using the soybgg?MiQﬂmgy
t hermal deaeraticn apparatus 1 shown in Figs. 1 and 2 25 to produ

soym | k. The production nethod used is @ilven below. ( 1 ) Imrersion step 60
kg of Anerican soybeans (IOM inported by Mtsui & 05 MAyy ~UU~ 29 Co.,
Ltd.) werenhwasbed angeRullbednand2t hentwer €ipadenhtot suel dpbhyrderngl ¢ et sed
in flowng water for 12 hours. (2) Ginding step The swol |l en soybeans

obt ai ned kRet BecbABEhek@ANngt @ppveEeud supphhadtbogeshething tdodidarkg of
water to a grinder (manufactured by Nagasawa Ki kai Sei sakusho Co., Ltd.)

and the sgyb@@95cmba1grtaugdtﬁ@ohaatta@pf@éarrpipéy 220akg »d spybean slurry
(i.e. raw soy) was obtained. (3) Thermal deaeration step 10 The soybean

slurry (rawrsey)yoRtaingdskBakhengbi nei ngtébﬂpiﬁ\/&&éﬁﬂﬂﬁw at @O K Hughn t he
t hermal deaeration apparatus 1 shown in Fig. |, and a heating step and a

deaer & | ofestieRppBEEtREEEON NBENHNGEr FiBR ngtél&xinhguﬁ}]‘;"’l’@i&ﬂxmslm ey bel ow.
Soybean slurry (raw soy) was stored in the soybean slurry 15 storage tank 2

shown in Bignch pipast eaperabuneoof TRdCstbimWase b hgpp &t st ad el tdHough t he
first heating apparatus 10 and
are not limited provided they are capable of directly feeding
steam to the feed pipes 12 and 32, and it is also possible for
a check valve or the like to be provided so that the soybean
10 slurry does not flow into the steam feed pipes 13 and 33. The
steam supply rate can be controlled by pressure regulating
valves 111 and 121.
The deaeration apparatus 20 is equipped with a deaeration
chamber 21 for temporarily holding the soybean slurry and a
15 suction apparatus for suctioning out the air in the deaeration
chamber 21. An ejector 23 that suctions out the air using the
dynamic pressure of a water jet, or a commonly known vacuum
pump, or the like may be used as the suction apparatus. Note
that, in Fig. 1, the symbol 24 indicates a water pipe and the
20 end 25 of the water pipe 1s connected to an unillustrated
water source. Note that the single dot chain line shown here
shows the flow of water used to drive the ejector 23.
It is preferable that a large surface area of the soybean
slurry inside the deaeration chamber 21 is in contact with the
25 air, therefore, 1t is preferable that the soybean slurry that
has been heated by the first heating apparatus 10 comes into

as much contact with the air as possible when it is introduced



heated to an internedi ate tenperature of 70C (the value of the tenperature
inside the first heating apparatus indicated by the tenperature gaygﬁﬂﬁ) 3
over a period of 9 mnutes 30 20 seconds. Next, the heated soybean™ 5l J@
was fed to the deaeration apparatus 20 ahd the ejector 23 of the deaeration
apparatus was operated. The air inside the deaeration chanber 21 was then
sucti onedinut sloe tdhatethiel soybeavbeat BTy Bas cdeagrlated.f The ealduefi ndecat ed
by the tenperature gauge 7 at 25 this tine, nanmely, the tenperature after
deaer at i ofeadisp HXC, 3 givangi @ ¢empertaddires diffd eteareoe thehood ambe raktler
deaeration of 5C. Moreover, the pressure inside the deaeration chanber 21

0 5 MAY 26&n 3thd whi 4t Vied atei wasa ppatt caiedl by & enpreessdr e ngaugan2éy at
this time was -0.076 MPa. These values are shown in Table 1. After

conpl et i nth téiei cleaet afwod 4 Tondie leaatradd o ldpparnrdtade 2¢, thlee soybean
slurry was circulated at the second 5 heating tenperature and was heated to

a final tesmperadige ofardiOC {1 hechal seydart ha dreypematturte owiasiice ot keesecond
heati ng apparatus indicated by the tenperature gauge 8) over a period of 5

m nutes 3esecondsn diangsr then hedtrall 448 HrenpRy aher eeatit@atioyibean
slurry was thus deaerated and the thermal 10 denaturation was conpl eted.

(4) SepargtidmestEp Jhengoyheamrsd tinial I cnok@tesoye selittdingedni @ tLhegeher nal
deaeration step was immedi ately separated into soym |k and solid pulp
(okara) ustawy weri@stn (dtmimdactwired dhe Ariad. Other examples include a
method in which the soybean slurry is made to flow from the
10 top of the inside of the deaeration chamber 21 in a thin film
along the inner wall surface of the deaeration chamber 21; a
method in which the soybean slurry falls like a curtain from
the top of the inside of the deaeration chamber 21; a method
in which the soybean slurry falls in a plurality of lines from
15 the top of the inside of the deaeration chamber 21; and a
method in which the soybean slurry falls in droplets. However,
when the viscosity of the soybean slurry is high, there is no
need for the surface area of the soybean slurry that is in
contact with the air to be so large, and it is sufficient if
20 the soybean slurry is simply allowed to flow into the
deaeration chamber 21.

The method of thermally deaerating the soybean slurry
using the thermal deaeration apparatus 1 will now be
described.

25 The soybeans slurry stored in the soybean slurry storage

tank 2 is circulated through the feed pipe 12 of the first

heating apparatus 10 by the metering fuel pump 11. Steam used



15 Tekkosho (Arai Iron Wrks Co., Ltd.)) and cool ed so that approximtely
19G kg of _ soym | k was obtai ned. The solid conponent of the obtainecljt
soym | k was 13.0% (by weight). Sensory testing was perfornmed on the LMAe2003
of the obtained soybean slurry using theé3eval uati on method gi ven 20 bel ow
by a panel of 20 nmen and wonen between the ages of 20 and 40. Each menber
of the pafiek beatiagedst héowesfresanphe astay shepIipwppenat ss gi Veimtisel ow,
the average of all the panelists was then taken and the eval uati on points
for each tbstssanpke 2%uweyeivalidel ahedfe@dppimpe s12 athypozby dseat ing HheVAY
2003 31 1 point -~ reasonable taste (slight soybean odor) 2 points -~
sonewhat snpbeasaniutagt eo(shr dngesnybiaheotdenpe Baporat sThe Stdyppe tadsine
(soybean odor too strong for 5 use as a drink) The cal cul ated eval uati on
poi nts weeedt heasdiuvieded agai soyheenfelnrkgveds éanch dagt echmfi dped,usdnaand
0. less than 0.5 points -> 0.5 points or nore - less than 1.5 points 10 15
20 5 a temperature gauge 5 and pressure gauge 4, respectively.
Moreover, the temperature of the soybean slurry can be
adjusted by increasing or decreasing the amount of steam by
adjusting the amount of the opening of the pressure regulating
valve 111 of the steam supply unit 100.
10 The soybean slurry that has been heated to the
intermediate temperature is fed to the deaeration apparatus 20
through the feed pipe 3 and flows into the deaeration chamber
21 of the deaeration apparatus 20. The air inside the
deaeration chamber 21 is suctioned by the ejector 23
15 depressurizing the interior of the deaeration chamber 21 and
deaerating the soybean slurry. The pressure inside the
deaeration chamber 21 can be monitored using the pressure
gauge 26 and, in addition, the pressure inside the deaeration
chamber 21 can be contrclled using the vacuum breaker 27 such
20 that the pressure inside the deaeration chamber 21 does not
become too low. During the deaeration, the values shown by the
temperature gauge 5 and the temperature gauge 7 are closely
observed, and the extent of the suction is controlled such
that the difference in temperature between the inlet side and
25 the outlet side of the deaeration chamber 21, namely, the

difference in temperature before and after deaeration is a

predetermined value.



25 D-~ 1.5 points or nore - less than 2.5 points X -~ 2.5 points or nore -
| ess than 3.0 points The evaluation results are shown in Table 1. (ﬁxanfles
2 to 9) The internediate tenperature (i.e. the value indicated by t e MAY 2003
t enper ature gauge 5) was changed so tha£4the tenperature difference before
and after deaeration and the pressure in the deaeration chanber (i.e. the
val ue indi cat eBhbysohibepnestureygabge 263, pasged hehfounll tlenpiaaguatd o . e.
the value indicated by the tenperature gauge 8) becane the val ues shown in
Table 1. €&nhbebethah &hisyethetsoheai s&cons peatinedprak atvwed Ut edd nthehe
sanme way as in Exanple 1. The evaluation results are shown in Table 1.
(Conpar at tredExappl 6. 1InAsht hgahbevwanl asleeratée ofil eppdred s g tappadedersat i on
apparatus 20, the first heating apparatus 10, and the second 0 5 MAY 2003
32 heati ng0appar ahessd80omer regonngcipdatratithal O segueneytearthy ithery tilsan t he
connection sequence being different, the sane substances as were used in
Exanplee lfaadtbhehsafreetihpipal 32eaer ahé ofie appaurad udl veasd usethnt o gErdoduce
soym | k. The obtained 5 soym |k was evaluated in the same way as in Exanple
1. The evataaihgnisesubts Aremshbensteamabbeply Noperdthat ,33 henttcertgher at ur e
of the soybean slurry before and after deaeration, the pressure inside the
deaer ati opoghaabesluthe insedaethat eeténpepatin e, tleswkhef diatadr 1 0
tenperature in this case are also shown in Table 2. (Conparative Exanp--~.e
2) As thehthetnal tdeascgbéan apparat uBhet hemperstuteadi nhappataiars 10, the
second heating apparatus 30, and the deaeration apparatus 20 were connected
in that sefjuengeaandhidbSpoihercihabetbenfonmedtsoingeguencendeatgire
different, the same substances as were used in Exanple 1 and the sane
t her mal deaegat 8 onTappaspbasn Wwabuusedcdo Pproduse soyird K ed hes iohf aihreed
soym | k was evaluated in the same way as in Exanple 1. The eval uation
resul ts apecshone gaudabd eadd 20e Nodek thadssiihe fdrjelrareitiatve Ivamser abour e,
the final tenperature, the tenperature of the soybean slurry before and
after deaehati on, iandedbed ptessupeinhtsiiderd hiet desey atdtopaitanber in this
case are also shown in Table 3. 0 5 MAY 2003 33 Table 1 Exanple

The soybean slurry that has completed thermal

denaturation in the second heating apparatus 30 can be used
15 for various processed soybean food products such as silk tofu,
cotton tofu, secondary tofu products such as fried tofu and
dried tofu, various other types of processed tofu, drinks such
as soy milk, soybean casein (yuba), freeze dried tofu, and the
like. In addition, these processed soybean products are not
20 limited to food products for human consumption, and the
soybean slurry may be used in animal feed as well.
Next, specific modes of the thermal deaeration apparatus
1l in the above Fig. 1 will be described. Figs. 2 and 3 show
exterior views of other embodiments of the soybean slurry
25 thermal deaeration apparatus of the present invention.
In Fig. 2 or Fig. 3, the same descriptive symbols as used

in Fig. 1 are used for elements that are common to Fig. 1 and



Nunber Internediate tenperature (ClTenperature after deaeration
(ClTenperature difference before and after deaeration Cpressure i
deaeration chamber Mpa ( J Final tenperature [C] Eval uatlonExarrpIOé MAY 2003
170655- 0. 076100DExanpl e 275705- 0. 0711000Ckxanpl e 380 , 755- 0. 0641000Exanpl e
485805- 0. 0551000Exanpl e 590855- 0. 045_ 1000Exanpl e 694895-0.035100CExanp|e
795905- 0.0 3EH A £ 1813038 -th L2800 eairke 9 1059218h@020n £08.
2 or Fig. 3, not all the elements shown in Fig. 1 are
illustrated and the illustration of a portion of the elements
has been omitted.
5 In Fig. 2, the first heating apparatus 10, the deaeration
apparatus 20, and the second deaeration apparatus 30 are each
fixed to a common frame 200.
In the first heating apparatus 10, the feed pipe 12 is
formed from sanitary pipe made from 2 inch stainless steel.
10 This type of feed pipe 12 is provided in the frame 200 in a
configuration comprising a series of suitable turns with the
aim of reducing the surface area of the installation and the
pilpe ultimately leads to the deaeration apparatus 20.
The second heating apparatus 30 is connected downstream
15 from the deaeration apparatus 20 and the structure of this
second heating apparatus 30 is particularly distinctive.
Namely, in the second heating apparatus 30, in the same
way as in the first heating apparatus 10, the feed pipe 32 is
provided with rectilinear pipes 34 (2 inch pipe) and these
20 rectilinear pipes (for example, 34) are provided in the frame
200 in a configuration that comprises a series of turns.
Moreover, the steam feed apparatus 33 is connected to a
turning pipe 35 at the bottom end of the feed pipe 32 and the
diameter of the turning pipes 35 is designed to be smaller
25 than the diameter of the rectilinear pipes 34. In Fig. 2, the

diameter of each turning pipe 35 is 10 mm.

In the same way, the diameter of the turning pipes (for



Tabl e 2 ConparativeTenperat ureTenperaturePressure in Internedi ate Fmal
Exanpl ebef oreaft erdeaeration tenperature tenperature
EvaIuationNunberdeaerationdeaerationchanber(CU[CjCIINPa)Cbnparativé&b%QYHMb
5085100XExam | e 1 5 Tabl e 3 Conpar at wel ater nedi at e

~Fi nal Tenper at ur eTenper at ur ePressure

mExanpl et erpRpat yr etenper ahyr ebpf engabfetdeacsad i pidzy ad2iat s adddindrerdCGoeaer a
ti on Cdeaeration Cchanber [ MPa] Conparative851009085-0 050XExamle 2. As is

clear fropeTahkesel tRad, tBachibmstesaspl ehor peeeellindat heipxanpd esi had a
better taste than the test sanples of the conparative exanples. Anong

t hese, theotgst.sanple whose 10 internedi ate tenperature was set to 75C or
nore had a particularly good taste. Mreover, when the internediate

tenperature washsel WhtbBhB tbBechanpeadin§0&pPsramie, 3¢ hehewal Latrion vm\s
particularly high. As a result, it was determned that a far higher quality

0 5 MAY 2bB3a34eptreessoHesnybeanr{opdspeodatteinaodl @i trefhidgh thelamidod of
t hese exanples than in the conventional technol ogy shown zn the conparative

exanmpl es. MphEeONEr rett i Vagedet gipkned, ihBhpartbelbddmpldatigheshest results
are obtai ned when the

small diameter turning pipe (10 mm, for example, 35, 36), the
soybean slurry flows in a vigorously stirred state resulting
in the protein contained in the soybean slurry being uniformly

10 heated and having a beneficial effect on the finally obtained
product. Note that, in this case, the soybean slurry is
flowing in a piston flow.

In the apparatus shown in Fig. 3 as well, in the same way

as in Fig. 2, the first heating apparatus 10 in the case of

15 Fig. 3 i1s designed in the same way as the second heating
apparatus 30 as a combination of large diameter rectilinear
pipes (2.5 inch) and small diameter turning pipes (1 inch).

According to this type of production method for soybeans,

because the deaeration step (C) for removing the air bubbles

20 mixed into the soybean slurry is performed partway through the
heating step (B), the soybean slurry is heated and therefore
the viscosity is low and the air bubbles mixed into the
soybean slurry can be easily removed. Moreover, partway
through the heating step (B), the thermal denaturation has not

25 progressed too far and the odor of the soybean slurry has not
been absorbed to any large extent by the soybean protein.

Therefore, if the deaeration step (C) is performed partway



5 deaeration step is perforned at the stage when the soybean slurry reaches
the te~r.perature range of 75C, and nore preferably, 80C in the he@E%@&
step. Note that, although it is omtted here, various tests were perf @@E
with various alterations such as the typd of 10 soybean, the grinding
conditions, the density of the soybean slurry, the performance or otherw se
of the separatiphntitepehefiogesheat By, tbeidepesaibdd ronsifioinsntand the

| i ke, however, substantially the sane results were obtained. (Exanples 1C

to 18) 15répavt thenvhbe Frber rRdi abebbenApelatdye Atcerdimglyal e indi cat ed
by the tenperature gauge 5) being set to 99C and the tenperature of the

soybean spygkybatteb dpaghat bAnektetlehbedwalvei i Ny Cof Bk byt KdXe has
tenperature gauge 7) being set to the tenperatures shown in Table 4,

soym | k obhedhf higbbhgid@ndeaenathencbavehsivasl phothses im wieclsatfe way as
in Exanple 1. The obtained soym | k was eval uated Exanple 1. The eval uation

resul tss aneathat ibhespepssuneiknpedeotReddeachat i be¥ad dleot relf cat echdy the
pressure gauge 25 tenperature (i.e. the value indicated 8) are al so shown
in Tabl e BeatBdnyhersgmesyway as in shown in Table 9. Note ~n chanber 21
(i.e. the 26) and the final by the tenperature gauge 0 5 MAV 2003 35

Tabl e 9 Exanpl euNupbBenbpter gedbatectRIRgr eher BT enpesadpr e afdmd the

deaeration CTenperature difference before and after deaeration CPressure m

deaer at i oge §82gbEEN~MPabFiaal cLRERARLBLYLE, the processed soybean food
products can be produced more efficiently.

10 Moreover, by performing the deaeration step (C) at the
point in the g¥heating step (B) when the soybean slurry is in
the temperature range of 75 to 125°C, and more preferably, in
the temperature range of 75 to 100°C, it is possible to
deaerate the scybean slurry while wasting ver§ little energy.

15 In addition, by removing the air bubbles while
depressurizing the soybean slurry in the deaeration step (C)
such that the temperature of the soybean slurry decreases by
at least 3°C or more, it is possible to obtain an excellent
deaeration effect using little energy.

20 Further, because this type of thermal deaeration
apparatus 1 is provided with a first heating apparatus 10 for
raising the temperature of the soybean slurry to a
predetermined intermediate temperature; a deaeration apparatus
20 for deaerating the soybean slurry once it has reached the

25 intermediate temperature in the first heating apparatus 10;

and a second heating apparatus 30 for completing the thermal

denaturation by further heating the soybean slurry once it has



C Eval uati onExanpl e 1094940- 0. 020100DExanpl e 1194931- 0. 025100CExanpl e
1294922- 0. 028100DExanpl e 1394913- 0. 0311000Exanpl e 1494904- 0. 0331000Exanpl e
1594895- 0. 03610000Exanpl e 1694' 886-0. 03810000EXxanpl e 05 MAY 2003
1794877-0, 0411000CExanpl e 1894868-0. 04326000 As is clear from Table 4, when
the tenperature difference before and after deaeration is 3C or nore, the
taste i s beenprewedadind thethasteaesat hpnoverzryvens e WensaXrean
tenperature difference is 4C or nore. As a result, it was determ ned that
the best sésukysiarbkeebtdi hedannapheopet hived &gt dwesane@xahpl £dssihle
deaeration chanber is suctioned at a pressure at which the tenperature of
10 t he soybedraskateythtt epydeaer aliionyi st agn | sdedl 3Cie befege diite
preferably 4C or nore, |lower than the tenperature thereof before
deaer at i onhekote tihattuabkthonghndt tbsobhatin eal $heyleavasiwusy tigstvdh e e
performed with various alterations such as the type of 15 soybean, the
gri ndimng candbtibonss thppdensetly Btcbheisoypeait siurwyssitiee pay f or rance or
ot herwi se of the separation step before heating, the deaeration conditions,
and the | tkerihovesey, aagbstaatt albkyyt hiee srasnkl y esed ¢ 15a veerch o bt @ilresch
(Exanmpl e 19) 20 Cotton tofu was produced using soybean slurry obtai ned 0
5 MAY 20D813bryseng thersmgbeaavshumiyutbdesimlbusabsatuwom@appasiatipies 1 shown
in Figs. 1 and 3. The production nethod used is given bel ow.

structure more effectively than when the deaeration apparatus

is provided upstream from the first heating apparatus or than
10 when the deaeration apparatus is provided downstream from the
second heating apparatus, and the subsequent deodorizing
effect is most remarkable.
Moreover, by using the deaeration apparatus 20 that is
equipped with the deaeration chamber 21 for temporarily
15 holding the soybean slurry and the suction apparatus for
suctioning out the air in the deaeration chamber 21, it is
possible to obtain an excellent deaeration effect using a
simple apparatus.

Examples

N
(e}

The present invention 1s described in detail below using
examples.
(Example 1)

Soybean slurry was thermally deaerated using the soybean
slurry thermal deaeraticn apparatus 1 shown in Figs. 1 and 2
25 to produce soymilk. The production method used is given below.
(1) Immersion step

60 kg of American soybeans (IOM: imported by Mitsui &



(1) Imersion step 60 kg of Anmerican soybeans (I1OM inported by Mtsui

5 Co., Ltd.) were washed and then were made to swell by being |nner@5$%¢
flowng water for 12 hours. (2) Ginding step The swol |l en soybeans @%
in the imersion step were supplied togetther with 570 kg of water to a
grinder 10 (manufactured by Nagasawa Ki kai Sei sakusho Co., Ltd.) and the
soybeans wer.e greundweaet hatshappreoxi matleky 620 kpeof weogbmadestarsyell. e.
raw soy) was obtai ned. (3) Thernal deaeration step The soybean slurry (raw
soy) obt aibyetheingt Hengirisedi ng ¥3 cstieyy waseci foul abedotibsough the therna
deaeration apparatus 1 shcwn in Fig. 1, and a heating step and a deaeration
step were (perf oriedimaderehe operating conditions given bel ow. Soybean
slurry (raw soy) was stored in the soybean slurry storage tank 2 shown in
Fig. 1 at a temper atuieeof sblBeanls 20twdsetiheén chectiuhatedibhrsugh téeefir st
heati ng apparatus 10 and heated to an internedi ate tenperature of 94C (i.e
t he va$ ue siupgilcatied o tihe twarperiatoue gaugatby ever grpedend of 4 minutes
30 seconds. The ejector 23 of the deaeration apparatus 20 was then 25

oper at ed gmdntlfa calureldn®iyd@lalohe sdeaeriakiiogecBarheho2towaslsdct | anedtioeit so
that the soybean slurry was deaerated. The val ue indicated by the

t enper at use ygauge wedl GhHcminld ¥R WSt approximately 220 kg of soybean

slurry (i.e. raw soy) was obtained.
(3) Thermal deaeration step
10 The soybean slurry (raw soy) obtained in the grinding
step was circulated through the thermal deaeration apparatus 1
shown in Fig. 1, and a heating step and a deaeration step were
performed under the operating conditions given below.
Scybean slurry (raw soy) was stored in the soybean slurry
15 storage tank 2 shown in Fig. 1 at a temperature of 11°C. It
was then circulated through the first heating apparatus 10 and
heated to an intermediate temperature of 70°C (the value of
the temperature inside the first heating apparatus indicated

by the temperature gauge 5) over a period of 4 minutes 30

~ND
O

seconds. Next, the heated soybean slurry was fed toc the
deaeration apparatus 20 and the ejector 23 of the deaeration
apparatus was operated. The air inside the deaeration chamber
21 was then suctioned out so that the soybean slurry was
deaerated. The value indicated by the temperature gauge 7 at
25 this time, namely, the temperature after deaeration was 65°C,
giving a temperature difference before and after deaeration of

5°C. Moreover, the pressure inside the deaeration chamber 21



0 5 MAY 2003 37 89C giving a tenperature difference before and after
deaeration of 5C. Moireover, the pressure inside the deaeration chanber 21
(i,e. the value indicated by the pressure gauge 26) at this time wid MY B8H
MPa. 5 After conpleting the deaeration B0 the deaeration apparatus 20, the
soybean slurry was circulated in the second heal i ng apparatus 30 and was

heated frowm89€ v@laefiBal ihempetatiupe ofie 190G {uhe gmlgee Iadiacateed sby t he
t enperature gauge 9) over a period of 5 mnutes 30 seconds. It was then 10

hel d at thigsetesperatone. up4) DepaeatiDiestL£pe THreowoyheansleurry (cooked
soy) obtained in the heating step was i medi ately separated into soym |k

and solid pul pAf@&ar@&my%agn% PhEs8e 4 ot @¢t i echd e ediatielkkosho) and 15
cool ed so that approximately 600 kg of soym |k was obtai ned. The solid

conponent agha theuobt aj neﬁiesgwbégnmgﬁuflrf%a(@ycm\mmt)ed () tBeagilcatidon
step After 100 kg of the soymlk was cooled to 70 to 75C, 20 cal ci um

sul fatse (neaufagt terde byt k08l hadPRas neeetdd cod £0f indtt thempdtat urad dreen
suspended in warm wat er was added at a density of 7.80 of the soymlk solid

conponent 1 gntc M xed vA1ubt ovashthedmbpefichos ks TANUIRS . sezMd eleattieg
obt ai ned coagul at ed substance had been lightly 25 broken down, it was noved

to a die ggserandspiLe$68t £Qr pg0t AE NEéBSe 500 i hatgARPY ) Bt ¥ @ gof
tofu was obtained. This tefu was then soaked in water and cool ed, and was
then cut P 5 minutes 30 seconds. It was then held at this temperature.
The soybean slurry was thus deaerated and the thermal
10 denaturation was completed.
(4) Separation step
The soybean slurry (cooked soy) obtained in the thermal
deaeration step was immediately separated into soymilk and
solid pulp (okara) using a press (manufactured by Arai
15 Tekkosho (Arai Iron Works Co., Ltd.)) and cooled so that
approximately 190 kg of soymilk was obtained. The solid
component of the obtained soymilk was 13.0% (by weight).
Sensory testing was performed on the taste of the
obtained soybean slurry using the evaluation method given
20 below by a panel of 20 men and women between the ages of 20
and 40.
Each member of the panel evaluated the test sample using
the four levels given below, the average of all the panelists
was then taken and the evaluation points for each test sample

25 were calculated.

0 points - good taste



0 5 MAY 2003 38 that cotton tofu was obtained. The water content of the
cotton tofu was 8 7~ (by weight). (6) Evaluation of the cotton togggggg
hardness of the obtained cotton tofu was excellent 5 while the un WP
raw odor characteristic of soybeans was Xlonpl etely absent giving the
product an extrenely fine taste. |INDUSTRI AL APPLI CABI LI TY As has been
descri bed above, paaeardi ng—$0 thessaybeantdftpr pducghonsopbdod odothe
present invention, because the deaeration step (C) for renoving air bubbles
m xed into the_soyhean slurry is performnmed,partway u h i step
(B), because it i?lﬁgﬁng héﬁte&?mgﬁgagiEBB%g?ﬁaB F%g£§03%%%£§%|§$$§5?% | ow
and the renoval of air bubbles mxed into the 15 soybean slurry is easy.
Moreover, partway through the RE8Eing step (B), the thermal denaturation
has not progressed sufficiently for the odor of the soybean slurry to have
been absorbed Bopanntext ent> by beketseybednopbeéri ndofheoef oteong ffohe
deaeration step (C) is perforned partway through the 20 heating step (B)

it is possible to efficiently neeoee tharedwks fromthe soybean slurry.
Accordingly, it is possible to obtain a high deodorization effect that is
not obt ai nabl eThe tche cadnrtent icordluareivhogds ing swheeh thendeaetdatdoagpincess
is performed either before or after the heating step. 25 Moreover, by

per fcrm ngnthe Fheat i1RG Sten ndB-aard bLiexdeasr at) onsd @, (C) continuously,
processed soybean food products can bé produced nore efficiently. 0 5 MAY
2U03 39 Furt her byégerfornin%@éhe deaeration step (C) at the point in the
heating step (é? when t héessybdam dI-dr PPLRAS reached a tenperature range of
75 to 125C, and preferably, a tenperature range of 75 to 100C, it is
possible to degerate;5 the ssgyhean slrumbyew-t hekist thanwastepoineser gy.

Mor eover, by renoving the air bubbles while depressurizing the soybean
slurry.in the deaerating.step (C_ such that the tepperature_of the soybean
slurr decrea32§ by 3C oﬁ‘ﬁbf@&nﬁﬁ < BSLSi bl &6 ?ﬁi%'gnpakﬁéFlent
deaeration 10 effect using little energy. In the heating process (B), by
maki ng t he soyBean sburry .ol pwialttsepratekry thiesghthang@. di poehes pi pes and
smal | di aneter pipes, the soybean slurry can be vigorously m xed and
stirred. Mreovek, ganealilan ddfsutihe a9¥beaBws! Yhr¥absestirred 15 toe
vigorously, It tends to becone perneated with air bubbles, however, if the
above stryekurelkes enploygd, because the soybean slurry can be constantly
made to flowin a piston flow through the inside of the pipes, the
appropriate stirhel Rgc@fifRet: s6an chapekhaiped. (120 Moreoy8luel In@aELtEMl By, IN
the heating step (B), by meking the soybean slurry flow alternately through
| ar gep 9li apBkek ePbRES tAARGRY M 8Gt WhisnedkhyeandoseRbt dhanetgpe b PEse bent
in a turning configuration, the flowrate of the circulating soybean slurry

changes apdraBrkdedl PEf@HOWsd after deaeration and the pressure in the
deaeration chamber (i.e. the value indicated by the pressure
gauge 2€), and the final temperature (i.e. the value indicated
by the temperature gauge 8) became the values shown in Table
20 1. Other than this, the soymilk was produced and evaluated in
the same way as in Example 1.
The evaluation results are shown in Table 1.
(Comparative Example 1)
As the thermal deaeration apparatus, the deaeration

25 apparatus 20, the first heating apparatus 10, and the second



25 mxing state of the soybean slurry is achieved. Therefore, the
characteristic effect is achieved that the protein el enent contaiﬂgiqyzghhe
soybean slurry is uniformy m xed. 0 5 MaY zoos 90 Further, by ﬁ

t he soybean slurry by blowng steamintdzit in the small dianeter pipes
that are bent in a turning configuration, the flow rate of the soybean
slurry i sheaiised, aghergynand@ vywees saorenaft ¢dhelrs dyegarsesjugnicog iagci,ncr eased,
the 5 action of suctioning the steamin the steamoutlet is strengthened,
and t he eftfliax ertean ofh¢ heostaam dreesk qugen e ibgpimay ed. f flereaddi ttihen skeaet hi s,
an effect of stirring the soybean slurry is obtained. Mreover, because
this typeufstdrereml a deaeratiosd 1ih dppan@ialsl isndrone dacewithle raafli r st
heati ng apparatus for raising the tenperature of the soybean slurry to a

pr edet er rdawd d i@t neshat £ denped aldd®; t @ meaRicad isayrdfifhar ahes obesined
deaerating the soybean slurry once it has reached the internediate

t enpebat Weyniil ¥ head i ¢wd 1 eedd non apparsdnes ;wand s ikb Exeepneé heatiheg
apparatus for conpleting the thermal denaturation by further heating the
soybean sfwlnystinge idslhass heen deaar alredrdyl d fre deaer ati on apparatus, the
soybean slurry is heated to an appropriate degree and it is possible to
deaerate the sayhearhsd Urtiye aderddedtdiaate td e Hiefayddahe s2@ rirebedlore
denaturation and to obtain a soybean slurry in which the odor is

suppr essethd Aot i deerat ion S Posshid £ cGodiiduatsl Yeard aefibacti vel y
thermal |y deaerate the soybean slurry and to renove even m nute air bubbl es
using a sdHEle St rad Wrer e £f f e cddrved na dihad) when thike fdeaer at i on
apparatus 25 is provided upstreamfromthe first heating apparatus or than
whenithe weqesaidofe appafiai siscd Se v i fesh dmwwat rieamafonenct.he second

heati ng apparatus, and the subsequent deodori zi ng 0 5 MAY 2003 41 effect
is nost reEreideald el vByeadheraatel y ccnnecting |arge di aneter pipes and
smal | diameter pipes to formthe feed pipe, the soybean slurry can be

vi gorously m xed @l e rmed. ddddemiein ganeraddsy,, dhe tthesh sewbheag slurry
is stirred too vigorously, air bubbles are generated, however, if this
struct ur e eqloyed, thesauscoideasmyhepn@ddratusca0, bancorsieant | y nmade to
flowin a piston flow through the inside of the pipes, the appropriate
stirring effeacit can depobiaidnerd Wk B MEdd m thakuckd:eénice whkgh smal |
di aneter pipes that are bent in a turning configuration are interposed

bet ween atplay aHdry e | esge i adfetRIquumes AimNgad fietedtl, aicgbt skinaes, the
flowrate of the circulating soybean slurry changes and an ideal vigorous
m xi ng statestofndde db soybasses| il rikdmplachi eveld thEherakoree rinae
characteristic effect is achieved that the protein el enent contained in the
soybean slaaamsdisorurd g yusriwed . udad theprdyuceonmgeliiliky ghet edruieed
apparatus for blowing steaminto the soybean slurry to a portion of the
smal | soymilk was evaluated in the same way as in Example 1. The

evaluation results are shown in Table 3.

20 Note that, the intermediate temperature, the final
TLemperature, the temperature of the soybean slurry before and
after deaeration, and the pressure inside the deaeration

chamber in.this case are also shown in Table 3.



2G di aneter pipes that are bent
of the soybean slurry is raised,
is increased,

addi ti on 25
Mor eover,

in a turning configuration,
the dynam c pressure of the soyb
the action of suctioning the steamin the steam out
strengt hened, and the efficiency of the3teamfeeding is inproved.
to this,

In

the flowrate

DAL 0] Y

an effect of stirring the soybean slurry is obtained

by using a deaeration apparBsibeefui pped with a deaeration

chanber for tenporarily holding the soybean slurry 0 5 MAY 2003 42 and a
suction appfratus for suctiomhm%rQ& tThepeesiure iprsur deaer ati on|chanbef, an
excel l ent de %{aF'O”mS §§é can 8btaﬁnedaurd atfon |npkﬁmstrﬁcture. 05
MAY 2003 93 %B@%&s b ndp EéePaﬂon met btk dndr e§a%€§§' Ealygsidn
products t hat PnclUﬁ@?mgeﬂrl |Qg step (M in 55 r soy 1S are ground
to provide g _soybean slurry, 5 eagdtiop°qIB) 1 n which tre provided
soybean sl urixgmplest heat &d and| t hessmal |y dénat ur edd.07&nd a dé&er ati ol step fO)
for xemovi ncexamgad t way 76hr ough t#e heatisg step-qdd), |air tbubbl es @ xed in
wi th the soyhgae [ Urrygg whef el pspartway st hr olighy gehe [heatipmg siepd B) | and
when the soybgafk S UTTgsNas [eagged g Tenper alur@sEange gy /> {0 &5 a
deaerati on e plé(ﬁu N T ETTCW TRy T)ufgiﬁ?s S, J1ET frormggy T Wne
RPN T Wl el 9o el DA ST e A R A i
y decreates by at-Teast - 3C Gr—npre- predbeton—ethed
processed s YBEIET ¥ ood %8 odubts Phat Lndsudps st ing'Step (A9 n which
raM/soybean§§ﬂﬁ§ﬁqLQun&%tQ nfovi¥le alsoyfean §1F®% la hdMing!st@ (B) in
whi ch the prixenmmetd soy@an s| urr% is|heafled ahd-60er ral | VI0denatur &. And a

deaeration s

removed, wherein the heating step (B) and the deaeration step (O

tep (O

in which air bubbles mxed in the soybean slurry are

i nc

| ude:

0 5 MAY 2003 99 a first heating step T&bleih which the soybean slurry is
heated to a tenperature range of 75 to 125C by steam being blown into the

soybean sl urr)ébmparative Tembg;aorraéure Tem:fcte:ture Z:ae::rl:art?o: Intermediate Final
Example d { q . temperature | temperature | Evaluation
Number eaeration eaeration chamber °C] C]
°¢] ¢ [MPa]
Comparalive | 5, 2 0,050 85 100 X
Example 1
5 Table 3
Comparative | Intermediate Final Temperature | Temperature Pressure in
Example |temperature | temperature before after deaeration | Evaluation
Number [°C] [°C] deaeration [°C] | deaeration [°C] | chamber [MPa]
Comparative
Example 2 85 100 90 85 -0.050 X
As is clear from Tables 1 to 3, each test sample produced
in the examples had a better taste than the test samples of
the comparative examples. Among these, the test sample whose
10 intermediate temperature was set to 75°C or more had a

particularly good taste.

temperature was set within the range of 80°C or more,

Moreover,

evaluation was particularly high.

As a result,

when the intermediate

the

it was determined that a far higher quality



a deaeration step (Cl) in which the air bubbles are renoved by
depressurizing the soybean slurry such that the tenperature of the&ﬁ*&ﬁsﬁﬁ
slurry decreases by 3C or nore; and a second heating step (g2) in i e
soybean slurry flows alternately betweenga | arge di aneter pipe arranged in
a straight line and a snmall diameter pipe bent in a turning configuration,
and the spybeassstusbybesnf abbbieprbaatedisnobtieisedml in di eeraterhqd pet by

st eam being blown into the soybean slurry, 3. A production nethod for
processedtgeybeanahpdsptpdtci s aBeotdhiignt Dosd Bi fehbEs @y nsliduen fair st
heating step (Bl), the deaeration step (Cl), and the second heating step

(B2) are pgefernBHreoNtENEQLSbYes4 MOrPEREHC i ONv ARt ddte Findd Oocessed
soybean food products according to claim2 or 3 r wherein, in the first

heating stept(Bllart hengeybganpakur Egsm@s«sa?ét@éwireéa/ hedmeare a | ar ge
di anmeter pipe arranged in a straight line and a small. d~.aneter pipe bent

in a turnhpgeeopt bgusathons gagfbbaeaox@eaﬁ\e%wgéf difeeRi £ dybetn
tenperature range of 75 to 5Cin the small dianeter pipe by steam being

bl own intgithe se&@ea@sskuéryewpé\ygtAEeAngé\ & . PeAY. Aa Andde A AF. A
. AY. A3. Af 2. AY(SYA&AF@AFAaA AFA2. AFU. A. AF. AF. A; 2. A . A A A

L. Al aY. A Prefe AYBIA3. AbYC AL AYnAYRedt i AgOECdK.
*kv] L} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] ca] ca] ﬂ@iéaiﬁﬁica$9@ﬂ1§§%;§alﬁ aklomUA{dd ¥ede, various tests
$c} xsni d_Z] ca] ca] ca] ca] ca] ca] caJca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcalc
a] ca] ca] cbea] salealsabcal €al ¢al ¢8lRUaVeérat #ofls such as the ty
u2KL~f } xsni d ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]
ca] cajocal 5@]/6@}11‘%3] €/ C?H?ﬁc]i?ﬁl; cabral cabhigyzdkd) ddnsii WA calealsalsal c(a] cf
a] ca] ca] ca] ca] ca] ca] caJca] ca] ca] ca] ca] ca] ca] ca] ca] calca] ca]ca] calca]ca]ca]c
a] ca] cal Seib}y; | €K B xshhendt cat catral sl £ad £alid] S Lad Cadif alie] cal cal
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calcal z{"$)*$@, U
INCz{/} xspkea £t cat sl £3] caleaheacal £al C@&x@@i@?&&@,] clsaliral caleal cal cal cal
ca] ca] ca] calcalca]calcalcalcalcalcalca!'/RTi| " DQqg
pr=tirrtrpahesat d_dhisad £ €21 e4l 91% Céixﬁél] P@é&?ﬂé?av]é?@é Rl cal ca] ca] ca ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
#H<HOHBHH#HIT PERSPSIVE, &S TRELEE "' ' " (} xsni d Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]caJca! ((:
(a((0&) 9))) P Ajatdttrom, tnd-1nte2m@Bi 4L 7 dn 'M&a]lcas] calialsalfa] cal ca
] ca] ca]ca] ca] ca Tca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca]ca]ca]ca
V7rdl 1117100803348 d] Bf[@l\é%&ﬂ;}:éf‘ﬁé?& 66} x5 £y Zd o] sl alep] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca]ca]
cal 66677R/KH THdrfp SrSvv898s : end: ioybearr—slurr after deaeration (i.
===K>} ???@ xsni d _Z]ca]ca] ca]ca]ca] ca]ca]ca]ca ],ca] ca] ca] ca] ca] ca] ca] ca] cal ca
Baggggpeggcﬁ Di DuUE
]EEE]EE?)}:EE%:IEI%}:?%%%?LQg?gi%%ﬁ glg% ggﬂf%gﬁ %ﬁ] cal ca| caieég?ca] ca] cal ca] g] caj c\a
] ca] ca] caj ga] eahsat salb£8d Cal Sad Cah cadsad ca] Cad fr&G IR0 GEEFE Hdy Hz HHHHHI 94 (
111133} 3~JJIYKKKK} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]
ca] capca] gad epd cadgal 6vd £alwad cat sahsad cal calcal ol Kid -z LY M Mvgd@ OcOf GO
OPPQQBRCRRSSTTTTOU=U@QJUU| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cafka] gt £ahedl sakh cak cad sad ¢al e &l 6alaad calne@ WAL [ >\ x\ W\
lel]l]1™M~~_$ Y " " 3a@Caceesf}xsnid_Z]]ca]ca]ca] ca] ca]ca]calca]ca]ca]calca

| ca] ca] capgahsel ca] capsal ¢2] ¢af ca) cabsal €2l £ad calsa] cal calial cal siddd f 59BgE

......

gl gng| ggghhlh_hahghhhhhhhii# M N “iijjk}xsnid_Z]]ca] ca] ca] ca]ca] ca] ca]ca]ca

I kI
ki) ‘k’a]k‘k’i“k?%"} F?ﬂlnéé ?#P Rt ﬁ%%ﬁ%]n’é@% 8%%%%‘%%‘%] e e et cal

cal ca] ca] 6 H
a] ca] caj cg ?J(j: f%a?}gj %%] %r a]2ca)I paqnqc} >tséHsKstsst t{t|tttF

 cai o c#%‘*f@%(féﬂé]%g %2]%% {ﬁ@@]&fd&fsaﬁ ol ca

[ |>]? G ]3] | 132 L ed ) Achn—r—PapXxsnkd_ Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] caJca] ca] caTca cal ca ca] caj] ca] ca]ca] ca] ca]ca] ca] ca]ca!:

) * Dwx45H} xsni d_Z] ] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Huv167HPM@A\z{ m%&| wr mhc”Y] ] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca]ca] ca]ca]ca]ca]ca]ca]c
ajca]ca]ca]calca]cal & s;

HKBCKj kX@ xsni d_Z] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! @NO~-- hX: GJIKEF\ ] 45} xsni d_Z] ]] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] ca] ca] ca] ca] ca! 5QR hkabkl ABJKhuxh*a} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca



$ci K- K3" f #10%@& () -

109@& ()-! 10%&& () -

109G ()-, ! 109%@& ()- F9$10%@& ()-3 10%@ ()-cRa fH+35

YLO%@R ()--!10%@& ()-3+"109%@& ()-) 10%@& () - 05 MAY 2003

' $10941& () - YR10%@E ()-$! 10%@& ()- + hiBE35 Y%0%@& () - &@

1090& () - 9F 10947&' () - &10%& () - 10@0@0@®" 10%@& () - 7! 10%@& () - h;

ui K- K, s! 109F°& () - 810907& () -3109& () -TEBLUDME& ()-& 109F°& () -3

10907& () -, MLO%T& ()-27i K* ' $10% | & () - % 1094& ()-#"10%& ()-F' 9%40%& ()-f
109%& () -[F 10?&' I6tprmaditO Vo émdejatutd Ki KTerpbrath@ % & (Pres®ife il 0%l &Fi6d - 1

1090& () -|/ TOVES' (]) tempeRidfe’] () -aBer 1 0VT dfiefchoe)sidrBa0EE’ (Jeadrd@B" 1 @HGRAN(Y | EBOSMoUR ()
-3°10% u& V&' M0% ué& () |deddialidIict O FRAd6kdion [)C] 7 fchamber [MPa] | [°C]

1099°& () - BExbmgle 1610% @& () F FT 1606 u&] () - 1096 U& ()]- MLORRU& () - 1000% & ) - s} 10%
-u& () - " TO8RAdE )T [Tt K= | " TURRIUE () - % 19% U& () - %o B Uk (o] PA0% u&l () -
SO LT ok R B A Y S E IS DN O .- N S WO N
%40% u&' ( E-'Xa'ﬁq@jéu & =—1Gt09% O 0% u& (O I0en& (T33P &)
10% u&' () BE—0A6% 48— )-8+ 0% L= =

T100& () 1RRTPEY 0o $g 1006 ueY ) - 7000 ued () - sat LiRO ! 428!
$10%@8 ()= _Exp B4 004k () 8D 100U () - 4R, ()_-91036,' By 2148 ) ©

' $10% \ & | (Bxemme1i6o . R ()1 1 $1006® () - -0.038 100 ©

" 109408 ()|-@mBv@R () i |i K- 7Z80%0&] () - 5! 10%@& () - 3:0.041 100 ©

10%@& () - IExanaRs () - SRELOUGE (36 - MLDY%GR (- + 10%@% 0p43 100

" Zi K7TZ10%@ () - @LOY& () - Ls10%0& ()-Y 10968 () - milOYO& ()- 10@0@0@100@ (

)- Qq

i K-K

9! 10%0&' () - 3108481 § ) c IBOYEORY G- DABOFOL, (whérl OPKR {ImpSesADNE (T FEOMSE () -

| " HHOBH K- K11 10908 () -/ " 10%08& () -s-f 10%08 () - +- 10%08' () - $! 10908 () -
L 10BER8S £4 - #4) ShEGEHGE sé KAt 168085 (3¢ 10P@R5 {9 - the taste is

() -

1001001000 | 10%0% () - 7m' 10%0% () - 5g#10%0% () - 310%0% () - $SIBRTEEE K- K
10%g&'5( ) - 1mANSRA (3ns &BAOUES €3 - B4 0UgARY ¢Yed SHIOYgRs {d IR () - F 10%& ()
~& T (q(((&i H)s! 10%g& ()-

' #10%p& {3mBet A090& ) £ Be 1080& (-4°A09gangde, "

10%g& () -

"#10%60%

&$10%g& ()-&) g)))*P***i K- 7' 10%9& () - 5z#10%& ()-310%g& ()-1"10%g& ()-s/ 10%gy
& ()--z10%g& (3s +$108@EL() - T t+vras+dadt EMIOSG & hdt HINYHERES o )re HUA%UR alr)e-
. $/ d/ UOXY7f E! - $10%<w<&' () -

“10%& () -

10 10!t
0d0% t & (

) -1 Cx

"ynml0%<& ()-10g109g10g9! 10%& () - +, 4-:
$1090& ()bt S84 " 1h & K¢ -hSINSE<EL (Y héad
$109%<& ()-U011111112uS4 #10%A & ()-!#10%

L & () -

€9 -if the deaeration
9" 10%@& () - Lt 10%@& () -
- SR { ) 1 2IRGSUASHAY 481644 Pp HAOUEE € )at WIBANKE (Jemp Uk e( bot! 4

%l 0Y&'0( ) - t VA OIRO€ A n =5RGE6HG 66676 S1dSASADURE ) + Y TNV & {9t 'IACL 9K &ic()e, 10

15

20

and preferably 4°C or more,

before deaeration.

Note that,

lower than the temperature thereof

although it is omitted here, various tests

were performed with various alterations such as the type of

soybean,

the grinding conditions,

the density of the soybean

slurry, the performance or otherwise of the separation step

before heating,

however,

(Example

the deaeration conditions, and the 1like,

substantially the same results were obtained.

19)

Cotton tofu was produced using soybean slurry obtained

10



10 10 !'n Y-s$10% & ()-!Y-s$109%& ()-7889 :M <w3rS1!!| $ 940%(h(& ()-!
$ 940% (I (& ()-1S3L$10%+& ()-! 3L$10%! cl & ()-1 3L$109%& ()-! 3LSIGURLG) 55,
===== =>K>uS4l | L#10%0% ()-! L#109& ()-110%0& ()-)h109%0& ()- 10(( %oﬁ‘ 10
10((1f $ Y%A0% (& ()-K><?} 2@ABBzX6uSA! Bl @YA0%HE ()- |'s @WO%O0L ()- !
@IL0%O0E () - | @Y0%OOE ()- Ft$10%0& () -! Ft $10%

& ()-BB L % F 1D P KOO
) ST e QL S e e

)10%&'()'HX3$ g A . roduction method used is given below.
& ()-!VY3$10%=& () - Y3$10%&f()-'$3$10AKK&T()-+H H119 (1JrS1! 3L#10%/ (v( & ()

-1 10% & () @1 1QEE, 10FF 10FF!} F+ 940%F& ()-! pF+
9L0% NF N&' J%ﬁ‘ﬁf%%n gFg?sle $%10%1(h(&'()-l $%10%s(c(&'()

%10%&7()"~?@?%@0%%W§f(Ame%#%gg@géyﬁéansﬁ 1mport¢d by Mi !
3L#10%(c(& () 111 %d0% () 310%&' () -9 nﬁO%& () 10q( q(
1OQ(Q(5 Co., Ltd.) were washed and then were made to swell by being
immersed in flowing water for 12 hours.
(2) Grinding step
The swollen soybeans obtained in the immersion step were
supplied together with 570 kg of water to a grinder
10 (manufactured by Nagasawa Kikail Seisakusho Co., Ltd.) and the
soybeans were ground so that approximately 620 kg of soybean
slurry (i.e. raw soy) was obtained.
(3) Thermal deaeration step
The soybean slurry (raw soy) obtained in the grinding
15 step was circulated through the thermal deaeration apparatus 1
shown in Fig. 1, and a heating step and a deaeration step were
performed under the operating conditions given below.
l Soybean slurry (raw soy) was stored in the soybean slurry
storage tank 2 shown in Fig. 1 at a temperature of 11°C. It
20 was then circulated through the first heating apparatus 10 and
heated to an intermediate temperature of 94°C (i.e. the value
indicated by the temperature gauge 5) over a period of 4
minutes 30 seconds.
The ejector 23 of the deaeration apparatus 20 was then
25 operated and the air inside the deaeration chamber 21 was

suctioned out so that the soybean slurry was deaerated. The

value indicated by the temperature gauge 7 at this time was
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gauge 2) over a period of 5 minutes 30 seconds. It was then

10 held at this temperature.
(4) Separation step
The soybean slurry {cooked soy) obtained in the heating
step was immediately separated into soymilk and solid pulp
(okara) using a press (manufactured by Arai Tekkosho) and

15 cooled so that approximately 600 kg of soymilk was obtained.
The solid component of the obtained soymilk was 4.5% (by
weight) .

{5) Coagulation step
After 100 kg of the soymilk was cooled to 70 to 75°C,

20 calcium sulfate (manufactured by Tomita Pharmaceutical Co.,
Ltd.) that had been suspended in warm water was added at a
density of 7.8% of the soymilk solid component and mixed in.
It was then left for 10 minutes.

2 After the obtained coagulated substance had been lightly

25 broken down, it was moved to a die case and pressed for 20
minutes so that approximately 80 kg of tofu was obtained. This

tecfu was then soaked in water and cooled, and was then cut so
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INDUSTRIAL APPLICABILITY
As has been described above, according to the soybean

10 production method of the present invention, because the
deaeration step (C) for removing air bubbles mixed into the
soybean slurry is performed partway through the heating step
(B), because it is being heated, the viscosity of the soybean
slurry is low and the removal of air bubbles mixed into the

15 soybean slurry is easy. Moreover, partway through the heating
step (B), the thermal denaturation has not progressed
sufficiently for the odor of the soybean slurry to have been
absorbed to any extent by the soybean protein. Therefore, if
the deaeration step (C) is performed partway through the

20 heating step (B), it is possible to efficiently remove the
odor from the soybean slurry. Accordingly, it is possible to
obtain a high deodorization effect that is not obtainable in
the conventional methods in which the deaeration process is
performed either before or after the heating step.

25 Moreover, by performing the heating step (B) and the
deaeration step (C) continuously, processed soybean food

products can be produced more efficiently.
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&S$109%& () - ! &sHLRUBVE)- 3by removing the air bubbles while
depressurizing the soybean slurry in the deaerating step (C)
such that the temperature of the soybean slurry decreases by
3°C or more, it is possible to obtain an excellent deaeration
10 effect using little energy.
In the heating process (B), by making the soybean slurry
flow alternately through large diameter pipes and small
diameter pipes, the soybean slurry can be vigorously mixed and
stirred. Moreover, generally, if the soybean slurry is stirred
15 toc vigorously, 1t tends to become permeated with air bubbles,
however, if the above structure is employed, because the
soybean slurry can be constantly made to flow in a piston flow
threcugh the inside of the pipes, the appropriate stirring
effect can be obtained.
20 Moreover, 1in particular, in the heating step (B), by
making the soybean slurry flow alternately through large
diameter pipes arranged rectilinearly and small diameter pipes
bent in a turning configuration, the flow rate of the
circulating soybean slurry changes and an ideal vigorous
25 mixing state of the soybean slurry is achieved. Therefore, the

characteristic effect i1s achieved that the protein element

contained in the soybean slurry is uniformly mixed.
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raising the temperature of the soybean slurry to a
predetermined intermediate temperature; a deaeration apparatus
for deaerating the soybean slurry once it has reached the
intermediate temperature in the first heating apparatus; and a

15 second heating apparatus for completing the thermal
denaturation by further heating the soybean slurry once it has
been deaerated in the deaeration apparatus, the soybean slurry
is heated to an appropriate degree and it is possible to
deaerate the soybean slurry at an ideal time before the

20 thermal denaturation and to obtain a soybean slurry in which
the odor is suppressed. Accordingly, it is possible to
continuously and effectively thermally deaerate the soybean
slurry and to remove even minute air bubbles using a simple
structure more effectively than when the deaeration apparatus

25 is provided upstream from the first heating apparatus or than
when the deaeration apparatus is provided downstream from the

second heating apparatus, and the subsequent deodorizing
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20 diameter pipes that are bent in a turning configuration, the
flow rate of the soybean slurry is raised, the dynamic
pressure of the soybean slurry is increased, the action of
suctioning the steam in the steam outlet is strengthened, and
the efficiency of the steam feeding is improved. In addition

25 to this, an effect of stirring the soybean slurry is obtained

Moreover, by using a deaeration apparatus equipped with a

deaeration chamber for temporarily holding the soybean slurry
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soybean slurry has reached a temperature range of 75 to
125°C., a deaeration step (Cl) for removing air bubbles is
performed in which the soybean slurry is depressurized
such that the temperature of the soybean slurry decreases

by at least 3°C or more.

2. A production method for processed soybean
food products that includes a grinding step (A) in which
raw soybeans are ground to provide a soybean slurry, a
heating step (B) in which the provided soybean slurry is
heated and thermally denatured, and a deaeration step (C)
in which air bubbles mixed in the soybean slurry are
removed,

wherein the heating step (B) and the deaeration step

(C) include:
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a first heating step (B1l) in which the soybean
slurry is heated to a temperature range of 75 to 125°C by
steam being blown into the soybean slurry;

a deaeration step (Cl) in which the air bubbles are
removed by depressurizing the soybean slurry such that
the temperature of the soybean slurry decreases by 3°C or
more; and

a second heating step (B2) in which the soybean
slurry flows alternately between a large diameter pipe
arranged in a straight line and a small diameter pipe
bent in a turning configuration, and the soybean slurry
is further heated in the small diameter pipe by steam

being blown into the soybean slurry.

3. A production method for processed soybean
food products according to claim 2 wherein the first
heating step (Bl), the deaeration step (Cl), and the

second heating step (B2) are performed continuously.

4. A production method for processed soybean
food products according to c¢laim 2 or 3, wherein, in
the first heating step (Bl), the soybean slurry flows
alternately between a large diameter pipe arranged in a
straight line and a small diameter pipe bent in a turning
configuration, and the soybean slurry is heated to a
temperature range of 75 to 125°C in the small diameter

pipe by steam being blown into the soybean slurry.



