; }~e3eMV : . 6dT1 PRODUCTI ON METHOD FOR PROCESSED SOYBEAN FOOD PRODUCTS AND
APPARATUS FOR THERMAL DEAERATI ON OF SOYBEAN SLURRY TECHNI CAL FIELD 5 10 The
present invention relates to a nethod of producing processed soybean food
products such as tofu, soym |k, and soyliean casein (yuba) and to an
apparatus for the thermal deaeration of a soybean slurry obtained by
grindi ng soyHrEanNg, T BN MESTHOT ertde PROT ESSAD goyBEANNPLeas @RODUARSodED t hat
is characteristic of soybeans to be effectively renoved. BACKGROUND ART
Ceneral |y, whenapparrRSSsdFroRYDRBRMAL ODEREFABIGN @B I@fBEANSSHORRY | kK, and
soybean casein (yuba) are produced, an operation to process raw soybeans
and change theminto a liquid formis perforned. This operation conprises:
an imersion step in which raw 20 25 soybeans that have been thoroughly
washed are i mersed in water for appNnaxaiateky,pone night until they swell
to approximately twice their size; a grinding step in which a slurry is

obt ai ped by r Ul o Kh €T USHEMNG 416 SWAIL R f AWrRRWRRARY WHddAdEl ng an
appropriate anmount of water; and a heating step in which the soybean slurry

under goes, thes g dﬁ}%é&r@tf&m Byr Reidts heated st @ & udr eERAANT, NG

tenperature If required, a separation step in which solid pulp (okara) is

separ at eds d@Ye A S 18 Pef LM th el t*&'teranb%fp@JaQaQrusafffer tiiee theaidang step. In
addition, it is also possible to omt the i mrersion step in cases

such as whens SowEr kof S Red 10k 4N uﬁe% fdytahumn SO RFUMRALINN s Bb kit her
processi ng the soybean slurry obt ai ned t hrough each of the above processes,
processedygpybeanhdabPrRdubisble 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 liguid 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 is 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 (ockara) is
separated may also be performed either before or after the

heating step. In addition, it is also possible to omit the
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5 are produced. For exanple, tofu can be obtained by adding a coagulant to
the soybean slurry so as to coagulate it. In this type of processed soybean
food products production nmethod, the heating step renders harniess the

har nful substances contained in the soybgans by the heating 10 t hereof and
also sinplifies the soybean protein and changes it into a state in which it

can be ea S e chealsi RY st WwRehhysyRaLki ¢yl BEL Mg | PO G
(see page§T%%rg?eﬁS%$%P ER Cg% anjF ngchlga Fgod Resear ch ?nstltute

1980) . gobeghhgg éggP ?ng% separated into a tenperature 15 raising step
in which the soybean s y 1S heated so as to raise the tenperature

t hereof and a %8 khggn &BE%%%Q%gSEﬁQ gg whighg %Q§r§0 Q@g@ngﬁ(%ﬁ¥5hdﬁ

thermal |y dena ntalnln t he hea ed soybean s urry at a ralsed

tenperatugsckoefatnaegsbeeg§9§@eE@%§éagg Mek e NOEUBLLY. chEE SRl 4 o 20

type of heating apparatus rating condltlons t he

soybeap Ség grbg %Eér ”?‘EEVeSi% b eg g’ﬂ {:gntﬂé BS Bé&“ﬁ éé‘é’Ir‘?

bei ng rail ere IS usua Iy n I nction Ween he te erature

raising stgggﬁggn%hsucg hat g%g%tg&ﬁ%kgnéﬁtgg.th Fgﬁﬁygi %@e nat ure of

soybean pro i's éex y Susceprll el ng perneat ed

amount of |3 &7 CRRSLHEDG: PRGFRG reRaRaY AoFar SR RURBER el 5l 1 bubbl 68
the fina XS?OEEEEQGF%%’XE@%?EW phacofg ko sanashe ErREedoRE clir ey i n
ﬁafﬂhéi‘saaﬁa%?bg'g ReFHRGBR: ConeRiAES 5P Fhe &3 SE%%%%"%?JQ@%%%‘%J%? he

it Rsank "PEREGUBRT 810, ETBRAE L0 ThEr & 2?89' h R RRb PGS T oo Bk iy ai o

bubbl es fmmtheswggeaﬁ huchy 1usiag Fogg@if&gg 8R086 S 13s S0 20 @

met hod for soIV|ng e~ abovée types 0 €S of "these are’ the
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e heat i ngeeien & B8y Faida: caaa ohs Tl no?%éé‘?éﬁtiﬁgtf@@% g

the heatin episp I'sclosed In Japanese
The heating step can be separated into a temperature

OCU) :3

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 therecf 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



Unexam ned Patent Application, First Publication (Kokai), No. Sho 61-195660
in which a deaeration process is perfornmed after 20 the heating step.
However, because the soybean slurry is in aliquid slurry form the
renoval of air bubbles is extrenely diffigcult, particularly when the
tenperature thereof is | ow which causes the viscosity to increase.

Accordi nglpay,- as, h§e2@qu§gh%§%Qépna%@péneeeg@nﬁ&ﬁﬂbﬂeafPaienbuﬂepésCatIon
First Publication (Kokai) Sho 52-54069, when the deaeration process is

to be per buiiRd e i WD ddilealns saLirkgy cndnl ARSI ALyre prior to the
heating step being per orned tHe renoval of the air bubbles is exceedi ngly

difficult jandis glo%sn%8ﬁ§§ﬂ5¥n$Q¢E§E LM Lheqdeaeration using strong

suction provi by an apparatus mnth a conplicated structure. 5

Fur t her nor e, b%%uggbg\ %factdf%n %E{uggu' bsi g béyBQEn%?ﬁékP' e 4o

renove mnute air |ch has r 8sul int probl em arising that

o o S Ry a0l %h% VY pli8n@) b UAD) BRet PURLOACLNCLBE KA1 Shed

pr oduc NOr €0V EF eating step is conplete e 10 soybean

sl urry_absoubs (he gdo, 3l eady enerat ed ih it Ne.s0XPeRnPLOLEl ppln i ch

the therma enaturatlon |s mell advanc becones fTxed in

th b I h d d
oot nodt Rt heoE PR B %&gﬁgﬁs%' endzgeucaeyipexam ned |
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slurry evén es are remove rom ean urry that has

under gone .t he, heathq step Nanel y, once the odor has been generated, there

has not bégnglvgﬁ p0|nt to then performng the deaeration and a

satisfactory 20,gflocl as Jegards gdor.r elpug Pgaglgogug B OBLAk e |

this way, in e| er o S he Tonvent gres n |ch

deaerat | on BEgeRss s Berfaned %%aertgﬂgbgggaégeagv LQbfnotsafter the

heating s asn possi ble Fha at

Seodor 3o B 56 a0 S5 ol B BT x%aé??ﬁ%% R
a the”mlthese 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 is 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 removal 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



5 deaeration apparatus that conbines both the function of heating the
soybean slurry and the function of deaerating the soybean slurry, and the
devel opnent of an apparatus that efficiently provides high quality soybean
food products has 5 | ong been desired. DiSCLOSURE OF THE | NVENTI ON The ai m
of the present invention is to provide a processed soybean food product of

a hi gher guabktythhanphasrl@cbeere peadusgdsbephbetngbyereomweag ahe bubbl es
mxed in with the soybean slurry and effectively renoving the unpl easant

raw odor tBabvhs elaraet @hirSbuebobsse¥beapsedTnglsoybeancpIodaedi pn net hod
of the present invention includes a grinding step (A) in which raw soybeans

are groundelaskarpr @vi garFosayheandshbvhYioands@nfeat togg ssepc (& i n which
t he provi ded soybean slurry is heated and thermal [y denatured, and partway

through t Becheathngyshep apBhra udeagtat hOBospeRchERdf St ri€®yéNg air
bubbl es m xed in mngh t he soybean slurry is perfornmed. 20 BRI EF DESCRI PTI ON

OF THE DRAVENGS Fbde, 1pkda@seCRBBBHEGeSEEUSHUL S aYEEVESNOW NG 28 ex@npl e of
t he soybean slurry thernmal deaeration apparatus of the present invention.

25 Fig. 2pb§s§b¥Ee%bsQ@WkQQ kheuext 65 LobuBPPER! aRRe-Rf nanOtden) examph e of
the soybean slurry thermal deaeration apparatus of the present invention.

6 Fig. 3 Lgedp¥bpWemh@WiRg nljheneXt §hi Qhp2RRSARHANESW 0ba YLt cANSLAeky ex@aml e
of the soybean slurry thermal deaeration apparatus of the present

i nventiona;5 BESHMODERER-GARRYENG EUT: THEq! BVENTLON In the above

descri bed production nmethod, it is preferable if the heating process (B)

and the deaerajhbeBostep GEkear @nREREQLTRE 608HI NYOHShY1etdd) Sti@SO
preferable if the heating step (B) conprises a 10 first heating step in

whi ch pa F§896é§hué§u9kytE%s%Q%Qe%HeSBHBEYa&§eéé%ségné9a@e@r§ﬂe%ﬁé”1“ed
internedi até tenperatuire and a second heating step in which the soybean

slurry issbypEBRr pheaked, iaNdnitnt PRedeREEALL OB 8L ERr 4 o Si PERE OY MEd
between the first heating step and the second heating step.
advanced and this odor becomes fixed in the soybean slurry.
Therefore, as is 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 if 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

products.

Furthermore, there has not hitherto existed a thermal



15 Further, it is preferable if the deaeration step (C) is perforned at the
poi nt when the soybean slurry reaches a tenperature range of 75 to 125C in
the heating step (B), and it is nore preferable if the deaeration step (O
is perforned at the point when the soybean slurry reaches a tenperature 20
range of 75 to 100C. It is also preferable if the deaeration step (C) is a
met hod f och@rRvikg AippaRukblsesniar WikghnkRebseybens shtctyonsof
depressuri zed such that the tenperature of the soybean slurry decreases by
at |east BEa@hindPkBe 2Pybleans sahse yPaaberabl euhtribh bhedbgatatgngteme (B),

t he soybean slurry flows alternately through a | arge dianeter pipe and a
smal | di agel8kapl REurld,t Bing Qﬁ%edeb@lbﬁﬁeh@abfngnsbﬁ?aratﬁﬁgthét I's.
preferable if the soybéan slurry flows alternately between a | arge dianeter
pi pe arrapged innd 1t HlGhlelsl e gANELR 1378 kodhabRt eboRi PEo8EBt s Had
turning configuration. Furthernore it is preferable if, in the small

di amet£r pipg Bebhalyelss RNt in a turning configuration, the soybean slurry
i s heated by “steam being blown into the soybean slurry. The apparatus for

t hermal deaeration of a soybean slurry of the present invention conprises:
a first heating apparatus that raises the tenperature of the soybean slurry
to a 10 predeterm ned interB?gE35§ ﬁgn@gr@ﬂgrg& Pufifer ati on apparatus that
deaerates the soybean slurry fhat Has reached t%e I nternedi ate tenperature
in the first h%ﬁ%‘%QmaBEaE%EU re@R@cdy %%ﬂﬁgoh?éé'gg ﬁPB@%@éué t hat

conpl etes thermal denaturation by further heating the soybean slurry that

has been dedgrated Lo Byahheqdeagiaklon 8RParailfer! hubsipyetasablesif the

first heating apparat and the cond heati ng apparatus are provided with

a liqyd feed EBQuE@ﬁOHQQh@Qk%hb?h§eﬁ9¥Qﬂana§Eu5EBbhésCHP*&@“QHS&XEh
circulated; a steam m xi ng apparatus that heats the soybean slurry

circul ati t t lLiL-guid 42 yo! L Xh RO+ 1 d a
i qui d 1 e punp Tar fosdr ot e doypeancerur cyo st BoEhe et e A e

It is al SBdB?efcﬁfa‘%blig_ ichat-Bebi-quid f 8¢dsBYyRBELRQMPT i S€S a continuous
succession of large dianeter pipes alternating with small di aneter pipes,

mor eover, it,i@hBr%B?b%lepEEdﬁﬁﬁhbgz e@héﬂebﬁrtﬁépﬁfeégﬁﬁ fheREMniN a
turning Conflguratlon are interpose etween a plurality of Iarge d?aneter
pi pes arrapgedqkl at 5@kaRt nki Beep FHITRAr FREEn Lhwi Sopheirs abte dfound
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.
25 Fig. 2 is a view showing the exterior appearance of

another example of the soybean slurry thermal deaeration

apparatus of the present invention.



8 the steam m xi ng apparatus that blows steaminto the soybean slurry is
connected to a portion of the snmall dianeter pipe that is bent in a turning
configuration. It is also preferable if the deaeration apparatus is 5
provided with a deaeration chanber in whgch soybean slurry is stored and a
suction apparatus for suctioning out air inside this deaeration chanber.
The present 'n%ggt ' ans WLl ynay Qﬁ09§§6rk9§dek£‘e9§é§' Lppdhea soybean et

production neth t he present I nvention i ncludes a grinding step (A

in which ra mﬁ%¥b%§Eﬁp§ OQrQg@dsggbgggvggﬁrgySQM@PﬁQlS&QééYa@ﬂg1a heat i ng

step (B) in Icht rovid soybean slurry’is heated and thermally

denat ured, gqagﬁrt ytkgnggg ekgelgeghkggnstep (B), a deaeration step (O

for renovi g air Ies the ‘soybean slurry 15 is performned.
Partway t hrough the heati ng process (B), because it is being heated, the

viscosity of the soybean slurry is low and the renoval of air bubbles m xed

into the soybean slu&gy,ll%q %YE&%E@?NG Rkt Wy &ggﬁﬁggohhe heating step

(B), the 20 thernal natu not™ progressed sufficiently for the

odor of the soyhean SLUL(Y L. ! gvgegeg@oaeég pRdnignday xtent by the

soybean proteif at stage e deaératton step (O is
2?¥T€f2ﬁ??5%?éﬁ§%l%?%e Shsr "Eron JscrRaCgey bakrelt FTs PRI B o ren ¢

Phe converlt ofSE Heehad %Qéﬁ%§ﬁ?éhzﬁﬁé9§eiiiiffOE“S$02252°TS°Eta'”Sb'e i
E?éL°EE§dn§;tB§¥p§§¥§ﬁ dPRRITS Ph hear g BBer o | OFE o\ Be] AU DB e or
SIE@LC |osh§§%kﬁg g ﬁ%kg eggi Seﬁt gﬁpeaﬁgaggéﬁgggﬁ ,én? qg possi bl e
whi ch t he SF 4 Soy BokRS Sre "Budl PEa BY° %A%H8d5§%%$€'§Pi§@Ers' e 1&5”
ZﬁSﬁéZ%‘S?uﬁ %pﬁéhé5§£§§§¥ah§ F%eal%ﬁf hBErp ReiER T ¢ sg%éﬁa?ﬂhc The term
Soybean stafFy hadcBoean AR o1 F e R gar Pharc ooty | crodva fﬁ%ﬁQ%ﬁL s
perf or med” E?%%é %ﬁ poi i IR §etﬂ?ﬁs%§?§%aﬁ%9@% ip Hlreor

th b I I th
ner el denat uf SEFBRC &1 gp. R €%$9§9%928229b§§§ éé?g%{#¥§“° %%eﬁﬁéhﬁﬁ )
denat d.b t det 1 ned
ti me. A tBrASEE SR, 'E“@'Eéngtréﬁﬁsﬁﬁés %55859%% Bl itz e

{ enper at uggnpa ké‘cﬂ? SteRgd gft he Fgemb d% éggléie&e;ggwefand

because t or o ean s urry IS a SOI’ to t soybean

protein as.the fn?% ke@'s@afﬂéa Fop efegg §§€}§on'§ &5 PEET et abl erd fnddre

deaeration step s conmpl efe Poré &1 el “Renalt ur aty on progr esses
too far. 5t 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 i1f, 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



10 Further, it is preferable if the deaeration step (C) is conpleted before
the thermal denaturation of the soybean slurry begins. Nanely, in the case
of this exanple, it is preferable if the deaeration step (C) is perforned
either 5 partway through the tenperaturezraising step or between the
tenperature raising step and the thermal denaturation step. In order to
performa (mre jef fi%C;;Jr‘é%e@%%qreatiifO&h%t e@Rybehn kluksyprebrEsabl eekhatbiy
heating step (B) is onmqfroma'ﬂrstP@mingspmnipvmnm a tenperature
of the soylieqRel0 sShugt I8 hit38d Ji@ed aRr-adEkAr Ahngdst bhepAedL 868 and
tenperature and a second heating step in which the soybean slurry is
further heatgd, 120 sk clhbe cdeae iAo nSLERuERE nbS cBREL 9LPEA BRt Ween the
first heating step and the second heating step. "Nanely, the soybean slurry
i's heat ed 0 @ @ MRdisat @ L LMY ateur ¢ni Rnbhenki sk heattpgpshep and
subsequently the deaeration step (C) for deaerating the soybean slurry is

perforyﬁdtHEQeﬁ%a%%%&1i%i%h%hr%h§m§9%g%§?u§EHEBM,i%hgaEBQBEQﬁdsPMrﬁpeis
second heating step at the tenperdture after the deaeration step, or the

temperat U@ oLl By SOXBRARCSHU 1 d\5 2AckakaBdsbUBLARM si@yaypredet er i ned
final tenperature” Alternatively, after the tenperature of The soybean

slurry has bee@‘hreaiaE?QrtaQutsh%er Rt G H%QSEE@%ntSWQr%?ESaniélﬁx rhen

kept at this tenperature. Here, the internediate tenperature is preferably

set in a 23 tepelakung Langs heiween 73 .and %gg%ﬁg"ﬁgagﬁﬁ{;%?ﬁ%}’a&% ween

75 and 100C, and even nore preferably between

t t f .S | h h I it f
enpera UE%anr%q%e§o¥h%aQeﬁ s g&%to?2§g%f$?gaf%ﬁ Z?S&ﬁ% @OV%SCOSI y O

t he soybean slurry is too high an to renbve the mnute air
bubbl i r r: | ti i es_afLsi [ i
o oot ve aoasr st o s TR ST o R 5t hor Raad: TF hoBr e T Y

deact i vat . OL T v 't eh

tonper at urboor CERSYETepn thed sBORRAT TR epat bR HepbipE tnt L, g ate

tenmperat ur g L$,Ra4 4k 8 %ﬁﬁ%%ra@cur%zfig t%@.e?%w? ﬁQSEQP{ CQ?&%,%%:{‘S% Lasfy a
S t hé 0 " “the

Mor eover, when the soybea urry gets within are

vi scosi ty Jdecraanes.; A Appa-Lesdl Lnott chiopreleraplenil hbe.Lotarymdiate

tenperature 1's set W e above tenperature range

ViSCOSithQffh@%h@?yﬁﬁggéﬁ UL ¥ E%Kbg%hth@@rg9a€E§EiHQSC@QePedggé£§%§H“|y

performed, "the therma naturatio e soybean protein does not
progness LQothar degBdatheheabpaliaklle Waste LPe0ErSHELOYr BRSapSEsdt 1S

possible t0 effectively deaerate the soybean slurry by setting the
intermedi abetiBAPERALYEEULNahAl $he second heating apparatus are
provided with: a ligquid 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, morecover, it 1is preferable if small

25 diameter pipes that are bent in a turning cdnfiguration are

interposed between a plurality of large diameter pipes

arranged in straight lines. Furthermore, it is preferable if



way and subsequently perform ng the deaeration step (C), a high deaeration
effect is manifested. 20 Wien the processed soybean food product being
produced here is a coagul ated food product such as tofu or the like, if the
tenperature of the soybean slurry is raig8ed to in excess of 100C, the
ability of the soybean slurry to coagulate is reduced, therefore, it is
particul athy peeher ablkenghappbhtatds itAter bedivat stkempenabutRei sosweami t hin
the range of 75 to 100C. It is preferable that the deaeration step (C) is a

method  }2ukey deaebahkl@edi kobudbBbesibR Whi €het BRaSDYREARe SEHI B Ype S
depressurized such that the tenperature of the soybean slurry decreases by

at | east 8Gaor ;EDbEnt! inl 8 WOLA1RLCEBRABLE LORONI e temperature of the
soybean slurry decreases by 3 to SC 5 This I owering of the tenperature of

the soybean sl E'UXSOQQ%S 'B‘é?f@&‘%%ie' Eft?ﬁep5§§§9 €; 0k %Bﬁap§@@§ afd on

chanber is reduced, the boiling point o he soybean slurry decreases so
that the E%O%Qgswfcﬁyab% a2 rARhE %neéﬁbhxeﬁngntwbﬁlc\!ﬁp%ygééhOé'lﬁzﬁ{frht heat
is lost in accordance with the amount of vapor generated 10 by t soybean

slurry whiskg kb LRabgi kiL,Rg: ohf abB%rQ%é‘ér%B:OQuéE?Bni% bgtPelforpedid n a
deaerati on chanber having a ftixed volune, then it 1s preferable that the

pressure tﬂlghge?gggg bhopnhghaaber is set such that the tenperature of the
soybean slurry after eaeratlon decreases 15 by 3C or nore conpared to

before the deaghat ,agscReCaseakl ohsulle RBQSEébES LeipBke hhgepressure in
t he deaeration c er a pressure at the soybean s urry s gently

and to performr Lt BB%QEnd;gSB?E%%n R tﬂghu§E'9 EF%ESHPeIr%éH@lon

di fference of e soybean urry before and a fe eaeration in thls

way, I t t d q£§§{
asya]¥ésu P99?§é§d?ugglﬁﬂhH§x?gE to mglcﬁhhﬁg £§§b§§§53 urry IS aerated
I the FGHBGF%U%SedbeSS/SEEH QﬁuEC9 §ﬁ)§b§a §chﬁ<5ysg%pb?épr§n g{ter the

deaeration s I's less than |ng of the soybean slurry is

{ﬁzsorhggﬁggspaedlaeeuggysbsntsgeaepa&goaes£éeC£naayh@9%a£&@C%%ﬁaﬂweéd,

and partway through the heating step (B}, a deaeration step
(C) for removing air bubbles mixed in with the soybean slurry
15 is performed.

Partway through the heating process (B), because it is
being heated, the viscosity of tee soybean slurry is low and
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) 1is performed partway through the heating
step (B), it is possible to efficiently remove the odor from

25 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



13 hand, the larger the tenperature difference of the soybean slurry before
and after the deaeration step (C) the greater the deaeration effect,
however, when the tenperature difference increases to 15C, then the
deaeration effect is 5 the same as when the tenperature difference is bel ow
15C. Therefore, it is preferable in view of the deaeration affect as well

as of consgrMidigheRN&idhdhade idie temparatrureedinkbbeiagcetedb .t Mersoybean
slurry before and after the deaeration step (C) is set to 3 to 15C. 10 In

accordance.pd tde dde tsiedn i Nty M ad teMperdothedandiWet Rhehaekenper ature
of the soybean slurry after the deaeration step (C), the nethod used for

the second,hsafding stepPaid Yarad afdeo ! herdeaenat heatshgpoperacasnbe
appropriately selected fromone of: holding the soybean slurry ~5 at the

tenperatquﬁ;Qﬁkgpgggéﬁgdﬁhe deaeration step (C); raising the tenperature
of the soybean slurry further to a predetermned final tenperature; or

rai sing the tenperatWR of; 1 e sSouberr sl Methedackr edet grakagd fina
tenperature and then holding it at this tenperature. It is preferable that

the 20 soyhgamsldy,r W yldddmiely heatigd Sbashetween 9ppaBfler2Steasré his
causes the thermal denaturation to be conpf%ted. For exanple, if the

internmedi aiif (QTRRIAIUIS d;5 (lszﬁt 4 etihergeMmanatisyehy skeW § 8L ak Uf ge of

| ess than 95C and the thernmal denaturation of the soybean slurry has not

Progressed 25 UGNty Jb e by Sl R hAgr3kAPLnt NBek! baaps of er abl e

that the tenperature o e soybean“slurry is further raised to the higher

final te”&%&%&%&%o%f R4 @ HRG e ANe secardey gﬁehﬁégkﬁﬁg55€9p59nas to
advance the"t ernal_é%n turation. |If the intermediate tenpérature is set to
the cogparalielondnisah dempaialine ;of aRaked mRkekyel256; anduibe (bherap!
denaturation of the s&&bean slurry ha? progressed sufficiently 5 in the
first heating$teRcldnen the tenperature of the soybean slurry does not
need to be raised further in the second heating step and may be held at the
tenperature at e «complalion of he Heagkabean i5heRt66) (B "mbbhs WAy, it
is possible to appropriately select the 10 extent "of the heating and

tenper at Urf @S 1aHg ol Hd 19RC Y1 thealioNBeaheR 1R r§Caa5dBRE RN WA D1 & het
internediate tenperature set in the first heating Step and with the extent
of the subsequemls ! @MRES aldyne aidGLILR o, Nahhe jdeaseabhon; ehepr(() .
Moreover, it is also possible to nake this decision in 15 accordance with

t he type fcpracessed soybean food product being produced. For exanple,
when making a drink such as soy mlk, a preferable nethod involves heating
the soybean sl yihy ek@mid2C ithet BRakiraeH cRe8tERY (81 eRadNPet PERELAVEH T NY the
tenperature to approximately 100C in the deaeration step, and 20

thereaf t equrheat ithe thRenszlear Halkhivigt @td20€ni RhiBR €BE0RENPERALT NLe St ep
and holding it there for approximately 3 to 15 minutes. In the production
nmet hod of difhe hpr seBle aln\Lanirrgn.i st ke jBeat bhgnhehepnk Bhgangpl heqdegerats on
step (C) may be perfornmed 25 using a known heating apparatus and a known

deaer at i op rapRafialyusheEtdahRy fentR@rieabhngtapPapayHschNehddsowslis ect

20 slurry is thermally denatured by being maintained at the
raised temperature for a predetermined time. 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 1s preferable if the deaeration step (C) is

completed before the thermal denaturation progresses too far.



15 heating nethod heating apparatuses such as a surface heat exchanger, a
pl ate heat exchanger, a doubl e pipe heat exchanger, a nulti pi pe heat
exchanger, a coil heat exchanger, a flat heat exchanger, and a scraped
surface heat exchanger; 5 and direct heatg ng net hod heating apparatuses
that m x the soybean slurry together with steam and heat this m xture such

as inj ectigon dypes &%nqsi AR e s gkeh%@?ag@gt@eﬁag%gs,@@a kg is

preferabl e that a direct heating method heating apparatus is used, as the

soybean SHﬁﬂggé%@a %%f%%%t%%e1Q$ﬁﬁ%ﬁﬁi9%5%%ur5@i89”5?a§5e 5EyBBahndirect

heati ng net heating apparatus IS use are needs to be taken as regards

the oper atiing Condilians \and gneral iR LEIE, 25 Roubegnnpigtetn tends to

become burne tick to héat transfer surface o e apparatus. 15

In the pr%?%Q%r%%%%”%&thead@%@f&@ydﬁ E%@higggaFEaE@E§Er&éda?i£HE?Cti0”

met hod conti nuousS heati ng apparatus that he e soybean slurry by

Cont 1 oLk DA RSN he Bl DU SEEEUL gL OB e

slurry. i s'typé of apparatus, the app

partiCU|a%eﬂ %r%Qu&@ergQ%En%?%%%%pE%d.E?St?h%rhxgedgkaQﬁégkggnageé atus, at

the portion ere the steam? s bl'own i n € soybean slurry, steam pi pes

L d . ; O i I i .
2L L"E 0 Bt BegBires Laauah, Wig0 hesserbsEnGELLEXLh FLLSULS) IS

25 Note that, nore spéci hi's C , t hé’ st eam

pi pes to si.nply joi_hed t [ hr, h ich th y lurry is
circulatiﬁ&,lﬁo@%%é??alﬁe 3%6%?§ %Fggiﬁ sgggge(ﬁgrgfhgogwégn?g?%eé to
protrude i.nto.the _inside, of the hrou ich bean_slurry is

fl owi ng agdrﬁg pFSGﬁ&@ Fﬁgpsﬁgaﬁﬁggﬁfgttgppggg%gfgtg%hgﬁgoé?y ﬁ%nprotruding
Steaqkpip%lu&@ytqgsr%§%%d k% ESFQ%%%E%?h§nEE intermediate temperature
and a second heating step in which the soybean slurry is
further heated, and if the deaeration step (C) is performed
between the first heating step and the second heating step.
Namely, the soybean slurry is heated to an intermediate
15 temperature in the first heating step and subsequently the
deaeration step (C) for deaerating the soybean slurry is
performed. Thereafter, either the soybean slurry is maintained
by the second heating step at the temperature after the
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



5 the steamoutl et opens facing the direction in which the soybean slurry
is circulating (i.e. if the outlet opening faces the downstream direction
of the flow of the soybean slurry). By providing the opening of the steam
outl et such that it faces the downstreamidirection of the flow of the 10
soybean slurry, the dynam c pressure of the soybean slurry acts on the
steam outhebcandna PRERRRBRONHIFS t8BNEHYHEEN | ﬁl%f?hiéhﬁo&l@i@ﬂ SariiCitd oned
towards the steamoutlet and the steamis blown efficiently into the

oybean sl ur ' e heat] appar at f e ts4 td id 1s 15
ZegirabIZhghg¥f5%gug?a§§tZFh???eEH?nﬁggﬁggaﬁé?e?gﬁg?gghéﬁB?ﬁ% ?ﬂ?ﬁﬁgﬁ ;;ich
th b ' t [ LQL : ti wh
the of sam T e bl bwh e s {he hoyBSas Srarry. aa Haccri bod bous, By making
t he di . [ h h i t 2 b I ' ' | ati
smal | PRreonsy O Fe Bok ohea e O e B gy R M e el oy
. q 0 o i f th v
| nor oasi ndCana T Asreby Sy S48, g Fhe SPapFafprbefelc it et e ian

ti f. I i Ln.t t.l] 5 d
aoL1 on, of s SUELEODLABELUE SLEAT Lhcl 0B BLEAT ULLS! 11,21 Lepat hepagh 25, an
stirring E??tﬁ8y?§ﬁgrﬁ%8“ L¥e [BR-BLREF LNEQUID V‘@h?@x&é‘% Sé’ybf’?éb lurry
circulates'is ormed w t h-an appropriate %urnlng structure, for
exanpl e, | e d_i . thLs. ) o] o dgsg: area
cénged b%kﬁﬁg¥ggp§%§%§§)Fb§ﬁ% ?Rggﬁggfgngbg%%g?gtugﬁ%é %%% preé%ﬂf
. Ci . v s, . N . of .
I ough WAt GAC¥ndc58, BeRLEr TPy SeFcbral 8ot sCAf oo pete Ehet Tt B hese
| ocat,ion r [ Lh hehoth o] ' are
cei@renher eeLle.pl pes LhEeua. uoeh, hensoybeet el ey hipAes
I ti - - ' t h ' 0..ci | at
are mde b5 FoEn" ERant Fhe 25948 sPpREaERFe PAREE S Kbt Ol ges
and an ideal pgLxipg gt ake L8 B%Qh%?gﬁkp Ly f@wthE"hé()%{Q&{Paéi&Lréfad S

d. ara ec obt

t hor oughl y agrtat Thererore, the c cteristic ef 1S ai ned t hat

the protelpr¢omppent ERL3LARY Lhet BReGhL FULBEA NG SOYOS AN SIHE 'd6 Bk an

protein does not progress too far, and there is little waste

15 of energy.

Because it 1is possible to effectively deaerate the
soybean slurry by setting the intermediate temperature in this
way and subsequently performing the deaeration step (C), a
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



15 uniformy mxed. In this case, it is desirable that the dianmeter of the
turning portionis in the range of 3/9 to 1/5 of the dianeter of the pipe
t hrough whi ch the soybean slurry is circulating. Furthernore, because, air
bubbl es are generally generated 20 if thg)soybean slurry is stirred too
vigorously, it is preferable if the soybean slurry is normally nmade to

Circulate fdy aidislon {4 o SUaleh 181de JNeIPide Laisedh Wiughythe soybean
slurry is circulating. By heating and deaerating thé soybean slurry as it

is 25 madeyd o LdOul ALE dhcR Phat Ahd lipehate rehidre chel Bg ywedar auskyy
agitated in‘this way the present invention is able to achieve a further

remar kabl edeeézfﬁéeeds tg%fa@?yemaw U MRy De used feket Becdeaghaki eRat

apparat us prov is able to renove air bubbles fromthe soybean

slurry, hgé’%gcrr%méiretr ;’]Lﬁdlpé eferapl &dph AARANAL U LAk elsS pRr avicdedsweth a

deaeratio and a suction apparatus 5 for suctioning out air from

CLor 0a°i n THE: QUL bre Eharber S TEe 1N s ir " NECaE (RS adagr ot an

eaeratl € pressure |

charber s, geguced wheryd e Al gl s sughionad Qul (LLOMLHEJeasr aLlaReq.

chanber, as 1's ’all"ows amr excellent deaeration e O achi eved

using & SUIRL &.alre Y Al Lgnalo maplaas, e Ludeca LU gxaLopgesni of

circul ates i‘quid "so as to generate centri orcé an air

bubbles in. 4 geea‘r‘ﬂe;},fﬁ{]rg@f”%ﬁ”s %ortegeeta}(;ég.rﬂpla%td %ed‘é%p%?ritzg%ggk{%%?%%t

opposi ng t orce, an n-renoves the u eSfromthis

pubbl 65 by ST Cl TG The 11 i Bl i Ty "o Ao ALERaNELst 56

bubbl es by TiTcul a ul e same way usling power

\reOE i S LR IR S prgsanhgrent on, the heating
may be perforn€¥%(%Hgi&ggggﬂé&on step (C) is performed in a deaeration
chamber having a fixed volume, then it is preferable that the
pressure in the deaeration chamber is 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 1is 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 Dbefore and after the deaeration step (C) is less than 3°C, the
boiling of the soybean slurry is less vigorous and a

sufficient deaeration effect may not be obtained. On the other



If they are used for batch processing, then, one exanple thereof is a

met hod in which the soybean slurry is placed and seal ed i nside a seal abl e
container and the first heating step 25 is perforned by heating this seal ed
contai ner, and then, at the point when the soybean slurry reaches a
predeterm ned internediate | evel tenperature, the deaeration step (C) is

19 performedy by gUCTLPOLDG, QUL cERSe } DL SFL Ofii Bf o F MO £ OB A IETs 0 KD

thereafter the second ﬁeatlng step to further heat the soybean slurry is

performedsy bt i sbé)Péfébgﬁdth@éE'Eh@n&ég{epﬂi&n mide Neating g%t@aocesf (B) and
t he deaeration step using this type of batch processing nethod

however iy, O50c, 10 BR! erebLLCT RORLYe PETHREM SHESCRONRuld | S pref erabl e

that the eating step (B) f he deaeration step (C) be perforned

conti nuous| yr. f@ﬁchmy&@as%@etae atiag step (8 %ﬁm&?@@éa@wtep 10

(C) can be continuou perfornmed by using a deaer ati on apparat us

| vhisch @ plusal i1y 0o ORhLNUGHS LYRe: Deal AD: 2RDAT AL URBS,,ANGs connect ed

in series an onti nuous type aeration appar atus 1's provi et ween

each heat%}?@r@f’@?& at s, ?”B‘r@?e ??Hié NHOUS! ¥, Céﬁf C&%@td&ge SAYRGAN, Sdury 15

t hrough t'his apparatus. 'S not necessary that only one continuous type

deaerat i of, apppr al s, be. provi geds beldeen Lie: heal | g anaaratyises and it is

possi bl e to provide nor e heat i ng apparatuses is also

pref er abl f?fer%ge fSU?QSsé Qaﬁssiﬁﬁrf%ﬁﬁéoﬁétfﬁ&“% e gri ndi ng

step are or ned co |nuous Ing step (B) and the

deaerathﬂast§§%£g% s bf%pglgegégrggd @gtigq?usly By perform ng

cont i nuous proceSS|ng ean slurfy Th tThis manner, a |large scale,

Iarg QprOdUCtIP V@E&P&a&@e 9 t C@hgvgg %ﬁ%g% dlalgcﬁ€@§éyggﬁfe

structural view show hg an e |rrent O EI'ITB. at1on apparatus 1

of the pr.esgnt Qvﬁgﬁbgﬂatl}e'gfpﬁﬁée dghﬁfu%ﬂger naratus 1 i's 20

used as it ena eating step ( i"on step (CO to be

Perfor”egjegaoe@éﬂy&%‘séé/e;? ﬂ%FfftﬁéE‘rﬁé%ﬁ’o §e1%hfc§ﬁeéhéje oq'}%cllx%aaﬂ% atus 1

is provi afirs ating appar raising thé tenperature

of (Lne, 5 Sauboan sluney 168 prpdcier o | ngtgg et ale,d gper ature; a

deaerat i at us or deaerating the soy slurry once it has

oot i TSI Eo lemmen ot 4, U, Sl S UL, ond
furtper hgatify {difperature thereof after the deaeration step (C);
ralsing 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 soybean slurry once it has been deaerated in the deaeration apparatus
20. The thermal deaeration apparatus 1 is also provided with a soybean
slurry storage tank 2 in which the soybeans slurry is stored before it is
heat ed. The soybean slurry inside this 15 soybean slurry storage tank 2 is
fed into a feed pipe 12 of the first heating apparatus 10 by a netering
feed punp rkht Akt e dieistg dheateddviaheesaybeaneshalryehbearatfonl ar estha
turn through the deaeration apparatus 20 and the second heating apparatus
30. 20 The ftieigleN@ald NG rRPARRIES 130 sandtbhenhseeonga heatl vayy appgii at us 30
are equi pped with feed pipes 12 and 32 through which the soybean slurry
cont i NUOUSleyhGirhGWrat &% $heamikaed 1gppasatuses 18:apHeBayia which high
tenperature steamis fed into the soybean slurry circulating through the
feed pipegeha t23aN43%r and fegPheRuMRIullyands3hrbgretsedi 89rt e soybean
slurry into the feed pipes 12 and 32. Therefore, it"is possible to feed
soybean sliWr ry,cate 130 tORHQNAy <@y raheni Rhe tekdetheuteeds PiRessddand 32
in the first heating apparatus 10 and the second heating apparatus 20, and

to heat thi$ 3QYRRAR Sl ket ReUbAL i BY skAT eUghLE he; feede PiPESnd2 and 32 by
directly mxing steaminto it. Steamis supplied to the steam5 feed

appar at useg 13 nand +33 e yStheamesurpky tHBI tehB0- ¥t arbr anchypi pes 110 and
120. The steam feed apparatuses 13 and 33 are not limted provided they are

capabl e of-dinectlon %%eqm@gd§g%%ghggntQ%eEeqd)pipes 12 and 32, and it is
al so possible for a check valve or the like to be provided so that the

soybean 10 slurfy (6Q&s gt filowd BLastiBeStgamphesdr PhPESy 13 foEk 33me The
steam supply rate can be“controlled by pressure regulating valves |11 and
|21, {ihe deaghat io@n +RRPALALYS 2Qnks ceApPREd Wi 101 a1 daey athonsshawdper 21
for tenporarily holding the soybean slurry and a 15 suction apparatus for

Suctioni ngeQut NN @ 1N aLRe deacealieR chaMate2heq Nt &) £SHOE r£3utdaL

I
suctions out the air using the dynam c pressure of a water jet, or a

comonl y kRewR nVaeRum; RURD 1 Q% ihide skikke aRBYwREnUSRE a3tihe sHCtion
apparatus. Note that, in Fig. |, 'the synbol 29 indicates a water pipe and

the 20 end,23.0fehite twaberaRuPe req6ennent €d tReaB-4OEAE LSET &L 8d P@ er
source. Note that the single dot chain |ine shown here shows the tlow of

wat er usefiot-@odkirve ithe s€a8ehohoddinht ks RaRberrbleqibatisn! arge surface
area of the soybean slurry inside the deaeration chamber 21 is in contact
Wi th e 23cairfantBeigkdr @nel kybe Brebebabkgetingbybbgn spybean-sdukyy that
has been heated by the first heating apparatus 10 cones into as much
contact_Wbb@nbggr%uﬁc@@.p@%§le&@mw@@p whehsmaniﬁgdyC@Qink2§u¢mt§sti&y _
deaerati on chanber 21. For exanple, if the end of the feed pipe 3 that is

connect edmiokt he deageabbor &bamber i2tolvem hbgtihgsthdeadypda@ppaiatys 10
is connected in a manner in which it runs along the inner wall surface of

the 5 deaewatbencchamber 21lrstheeseybgastspushy thah fbwwbsingtond he
deaerati on chanber 21 is circulated inside the deaeration chanber 21 al ong

the inner teabkratifraceo aepubkiipgtenyalbarfgeinr eRe beeagri hicONdBgs, Wiid the

air. Oher exanples include a nethod in which the soybean slurry is nmade to

fl owXo omcthBeeafter, 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



10 top of the inside of the deaeration chanber 21 in a thin filmalong the
inner wall surface of the deaeration chanber 21; a nethod in which the
soybean slurry falls like a curtain fromthe top of the inside of the
deaerati on chanmber 21; a nethod in whichsthe soybean slurry falls in a
plurality of lines from15 the top of the inside of the deaeration chanber

21; and ahpBthRg hBtWBHCReLPEn§O¥PBARasliHEEYstieh! 8514 &ipphes shedbovever,
when the viscosity of the soybean slurry is high, there is no need for the

surface apgangfigthe soyhbgan gLuEryxthahghs, i gonbastpyhd méke air to be so
large, and it 1S sufficient if 20 the sd0ybean slurry is sinply allowed to

flow int OekBﬁaﬁlﬁé?faéiHHIQEBTBSrtht dhenarybed of cd herned ¢ Ve demaiali ng the

soybean slurry tsing the therhal deaeration apparatus 1 wll now be

descri bed h t LBegh t ank
2T ci'rcll P30 R GuGR L AG PREa R pe 107 BF ot n T T raT Nont | T aboy s 10
by th i | 1 i g 4 fromth
oY camesuppy SRBarat D 1" P a6 L RG ReybeA CTor Y I rer det ha Fecd i pe 12
ther eby h§8§b@%ntE?u??%ﬁ%%ﬁe?h%&rxi R Q@e%ﬁtgﬁgEﬁéQEetﬁf%ﬁﬁﬁﬁ%*%éisdr

t enper at uré’and pressu € soybean slurry can each confirtmed using
5 t t 4 i th
Cemperat ure. 1 ehor s, buBRC FhE HE R IR B en s SEPEEI L HT oAl e
d i t i ty i f
decr easing. i A0RYDLg csLoam DYasdLust g Lhe AEBUIL Ly L1, operi na ©

soybean sLupLy.{hat ; bag bgensbeated LooLhe Lieryediate, tespergture is fed

to the deaérati on apparatus roug eed pipe 3 and ows into the

deaeﬁ@tiogfggggggﬁlgi ef, EBﬁ%9§§€ra gogﬂaPR&{PéHé %gaaghﬁ Refnddsi de the

deaeration c i's suctionéd e ejector epressurizing the

nLeror gk g Sgpetel s g Sborben, Zacpchiceer el g dhe okl

eaeration C r can pe nonitore 1 ng t he

pessure US40ty LB,200L1 Bk RESRAL ! o, g a0

chanber 2 e con usi'ng acuum brea that the

pressur e bpoLOen ! endeacs bl o0 ehaIbeLa 2l dose: ot Hocorm, 440 4 e By 1 ng

t he deaeration, the values s e tenperature gauge

tenper at Uy g, gavge.# aLe § Ly,0observed, and the extent of the suction is
controlled gu%ﬁ&t%at tﬁe %P??er%nce in tenperature between the inlet side

and 28 the outiet,sl do,ofchhe, deagt ALhona CHATDEL, Al nJATELY agi S er ence

in tenperature before and after deaeration is a pre ue. 29

The soybeag sk uifyeLhabn ASc RASSEE DAOUGD Ahe: fieaergtd oik chahar Rk

arrives at the second heating apparatus via th pl pe 6. the sane

v e S U L St e
steam usedofOlnuously 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



heating is blown fromthe steam supply apparatus 33 into the soybean slurry
inside the feed pipe 32, thereby further heating the soybean slurry. The
tenperature of the soybeans slurry at this point can be confirmed using the
tenperature 10 gauge 8. The soybean slunky can also be controlled using the
pressure gauge 9 and the back pressure regulating valve 9a so that it is

heated toia pOkBtpybeIBILt fdpeBhBOLL S| pifde SOYDEA Y Wdiriitd hafe has
conpl eted thermal denaturation in the second heating apparatus 30 can be

used 15 fQﬁsY@é'QEStHéO;?S?}f%é@thQMQ?ﬁnwﬁP@ﬁj P O A hise S AsSSidK tofu,
cotton tofu, secondary u products such as fried tofu and dried tofu

various Ofbé&ziﬁ?{p%dofopﬁ?&@?éédtfq@f Yredlhi &K@ew% ash S Q¥ 964 K, erkpyzean
casein (yuba) reeze dried tofu, and the like. In addition, these

pr ocessedtﬁgypféer@amgcg§e§fae 1/2)9 29n|tm59<51a§e0 flocodlspr&c&cztasblfeorlfhurmn
consunption, and the soybean sFurry may be used in aninmal feed as well

Next, sspechii rapdesyofct h%péxl?gr FRL i (e agk atd Ofe APRAT atHiSynk dh dHae above
Fig. 1 will be described. 2 and” 3 show exterior views of other

embodi ment s, 084 h§l§9¥€e§§‘ élPEﬁl’ag?n%h? [ el gdeag(atd an ApRYALiYy of the

present |nvent|on or Fig the sane descriptive synbols as

used in Fg-.d aLe &éﬁﬁsé?é?rﬁ' §IBOLS; dhal s atf}?etciﬂ. 'bfct e! %o 2/]oeaa'?'1d 25 a

detail ed description thereof is omtted. Note Fig. 3,

not all the, gl eng s pownyi N, FiLg Jp@#ifn 'Af’séﬁétsec% %Jélf‘e Idsgtration
& Gas? { e‘*‘" i

of a portion of the elenents Be€hn omited. 5 2, e first

heating appafaftiSe 10, t@ﬁe d&é’ﬁﬁﬁ{%é’@m apPPAL &L s 7@13 @H'éd El%% %%CCE%

deaer ati on apparat us 0 are eac Ixed to a common frane 200. In the first

heat j Bg a&ﬁ%@éys Mrrihetﬁge%@@ﬁ c 1rd Ss ]?é’BEP HOBRHULATA Y Re made

from2 inc staln ess Steel ype of feed pipe I's provided in
the fra 0 o) r C r gturns with
the aim ne?gl?ed%@l%&tﬁgé%r a%gggr%g@ %%%ﬂ%ﬁaﬂ r%t %ﬁ%gn e p| pe

ul ti mately,]@adspd osidie deagral | R @PPAFALS Bk sm%n?%%‘%ﬁ%th%%td' e

apparatus 30 is connected downstream
steam is blown efficiently into the soybean slurry.

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 is circulating small in this way, the speed at
which the soybean slurry circulates is 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



15 fromthe deaeration apparatus 20 and the structure of this second
heating apparatus 30 is particularly distinctive. Nanely, in the second
heati ng apparatus 30, in the sane way as in the first heating apparatus 10,
the feed pipe 32 is provided with rectilimnear pipes 34 (2 inch pipe) and
these 20 rectilinear pipes (for exanple, 34) are provided in the frame 200
in a confirgymabi QRthhal aPRRLLTEStd $8KheRgOEtEUERSre MOEEDVERamp e, sieam
feed apparatus 33 is connected to a turning pipe 35 at the bottom end of

the feed piaperd2randebngndiafetenpl (Lhest YsNEBYapi BESrE@uts desighned to be
smal | er 25 than the dianeter of tﬁe rectilinear pipes 34. In Fig. 2, the

di anet er r da )S I a h ter of
t he turn|%%V§?%§sb? ane ggggggés ;anqg? ?ﬁ§9§%% gﬁ%yg?t%%eggggggglpe 32

i's des'gnsqeggn@elﬁ%%hkﬁentB@el&B61@'@gEhegleﬁeahguéRCEhAtr%ﬁ% B ese 39

(1.e. in the second heating apparatus 30 shown In Fig. 2, 5
becaU%e te% %ﬂ¥b$?§e§|H F%uf ﬂs%ﬁ§cﬂ|Eﬂ%n§B§L¥th£9HQP aciae@fagagnﬁger

rectili near p1 pe Incn - or exanp e a SI’TB. di anet er turni ng

pipe (10 gﬁkofHédéxéﬁghﬁerB?ﬁe%ﬁEsetﬁ%cé@X@ﬁénwﬁéPér¥hélB%ﬁeéntﬁiﬁﬁ@wr0U5|y

stirred state resulting in protein contalned in the soybean slurry

bei ng uni ,asEby1Q Begbednand bayi ng:2ubseeti chelmeblech oprihe finally

obt ai ned product. Noté hi's case soybean slurry is flowing in

a piston flow. g USEh%KaQQ§EQEU§h§h8Wme@eE'Qf §h@spfﬁé§1sﬁgligﬁ §@W§u¥ﬁy as

in Fig. 2, the tirst heating apparatus 10 in the case of

desi gned chE??ngggh§@¥ %ﬁetB%g%%c?ﬂgoﬂgﬁtkﬂgcﬁpgﬁ%aé&gaggnaélﬁerl

conblnatlon 6) anet er til'l nea and snyE

di amgt EHEBhEQtBEp% e(%aB@CQE tﬁé%or@hﬂgf§8wt9b§%§y§5 9ﬁep&£¥%ﬁiéééb%ﬂr

met ho for soybeans, ecause t aératron step or renoving t

EEZ?: ng <TSbCR). E?fﬁ;& HRSTaR, .F’Lh TIPSt or 2 AR 2 osi by
emoved Vr AGver “bar ?@Ee?hﬁgﬁak%ﬁegh§a§?%85§?%§4‘%§*&%‘-” Phrear

denat uratign hg rQQEe%?sE Bdeessed te0ckeAng the:ofor gfothe, soybean

slurry has not een absor ed to any large ex ean protein.

Ther ef or ecohbohBR-deBRE 2L heR EEeEhEC%ikéuEQEEH&”?Qy@@éﬁ“@yurrg
15 uniformly mixed.

In this case, 1t is desirable that the diameter of the
turning portion is in the range of 3/4 to 1/5 of the diameter
of the pipe through which the soybean slurry is circulating.

Furthermore, because, air bubbles are generally generated

20 if the soybean slurry is 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.



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 nethods
in which the 5 deaeration step (C) is pegforned either before or after the
heating step (B). Furthernore, by performng the heating step (B) and the
deaeration Stel?n;ﬁQgﬁé’f’ét@!ﬁ%§%%§bet@§ecﬁ”%ﬁsﬁ?@ Sadhean oo fedust s can

be produced nore efficiently. Mor eover, by perform ng the deaeration

step (O giotlgpotile | Dcthe gsheal) ngenind 4H) mian dhasayhean slurry s
in the tenperature range of 75 to 125C, and nore preferably, 1n the
t t t i i i o ; {
Si Uy ury TR R oy TRTTITE oner gy CHD T addi e o By Fersut nerhe
(O such Frd Yo A e S i ¥ e e Penst
3C i bl e to. obt ai ent t] ffect usi
1 8 encrhy oo BTt B S A B e R A A S 1% 7
apparat us,ded s EVLESHIL A LT S LeRL) N APAAL U3, A0 ol Jilting the
once 11 RACPRERGE (S e PR i Sl tnp SRR DA BBt hcat i
t ; d d_ heat j 0 t] .t th I

Gonat ar at T S B TR Rer et nt ( RCSBbaL g kTR R LG o
d ted.) ' ' dt
an appr 0P AP egrod it 1L Pl ettt 1 e L ks SR er Ty at

. ot ' ¢ . d 1 .
Ut i P RS YR b T B o AR i WA R PRSI e
conti nuous!y, aid &4 eld vl Yol hel el . deagrata diie seyhean Slguiy.aad to
renove even mnute air bubbles using a sinple structure nore ectively
t han ‘me”cé&emtdﬁ?geéf‘tﬁ?}‘c@g%% m%é‘nfat%%t gAPﬁ’ 'bC{%%l%DsStirne%;ﬂef [QRde first

heati ng apparatus” or an eaeration apparatus i s provided

d t t d I t

deodor ] 1 ERTbCtE 1 S aetE Pon ol Bre ey e P et R theat i on
appar at : i L bpe i deaar atjon ; M ol -
tglrorpor a??ﬁ%&l%hﬁ%ﬁédlls n%%‘%’ps%g/ e%mner]islmﬁer ry an?d%e%lg%{q%g}rlleépp)ffgggnt tﬁglfsor

suctyoni ng A, 18 @l k) mad e, d@{rf{ﬂw@afg?{dﬂ%gatﬁ% Wi Jr® AR nto

obtain an excel I'ent ration effect usin npl e appar at us. anpl es 20

The present, inugntd on, b s, deserd g, i et all; pelowusi e I (Exanpl e
1) Soybean J':sl urry was 3%hcfar rrgf Ay ig%et{ha%edlaisji&r)lgnt \#glésoy%ga)r%%?&%rﬁygt her mal
deaerati QR ARpAr&H U keshown in Figs. 1 and 2 25 to produce soymil k. The

production nmethod used is given below. (1) Inrersion step 60 kg of Anerican
soybeans (1 OMydmorded by Md SYioduction 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

25 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) is



29 Co., Ltd.) were washed and hulled and then were nade to swell by being
imrersed in flowng water for 12 hours. (2) Ginding step The swollen
soybeans obtained in the imersion step were 5 supplied together with 170
kg of water to a grinder (manufactured bhy Nagasawa Ki kai Sei sakusho Co.,
Ltd.) and the soybeans were ground so that approxinmately 220 kg of soybean
slurry (ip8rféane80yy ¥astobhahgedut (Re Thereml odaseratd abriemek) el
soybean s?urry (raw soy) obtained in the grinding step was circul ated

through thg.therral deactatbng RERAIR Ust dp StOWLIthdY theak tand s yieahi ng
step and a deaeration step were perforned under the operating conditions

gi ven bel gw,» ppYybgape sEYLhY¥4(raw soy) was stored in the soybean slurry 15
storage tank 2 shown in Fig. 1 at a tenperature of 11C. It was then

circulated throughsthesEinst Heal F pge apparatisy d0-nd, HeaiAd o sakp

internedi ate tenperature of 70C (the value of. the tenperature inside the

first sheafng; dppasat 4sa b Pk £&% ede fhe (eimeraliy & Gauds Datyer a period
of 9 mnutes 30 20 seconds. Next, the heated soybean slurry was fed to the

deaer at i op, ApDaL B 4Sn20n8Rd FBR.SLECt N 2hof thesleaasatianmnparatus was

operated.” The air inside the deaeration chanber 21 was then suctioned out

S0 t hat Lé‘%rgg%rg:@rﬁ}ei% “%{sé(?%’fsitj?f@rﬂ@?e e vl e ddircatiad, Py e

t enper at s time, nanely, the tenperature dfter

d ti b VI . t i f f
deacr ati o b Wbravere AR g L P e B A A i anber 21

30 (which val U}:eo]}l‘ﬂéx,% ej.g,at\?}(?e byeépfr}]&%tgﬁsﬁer%)g%ﬁ t"}nae) o%}aetlb:lit%otnihg%e\ﬁas

-0.076 MPa. These val ues arée shown | r-conpleting t

deaengt i oft-§ éﬁ%ge@@ﬁ@IAQﬁggﬁpaﬁ@Ef@r@d 6L}%‘%§1Q~}’G§)\;\eﬁgc iy Was

circulated at the second 5 ng tenperature an eated to a final

tenper at uigofa L0OC 4Lbecyebye of L e, LerpRLALLIG Il dh dhecaroondeneat ] ng

apparatus indicated by the tenperature gauge 8) over a period of m nut es

o Con i IALD e (Bl e s esista ves
Separ at i ofy 5 e Jdiea SPYRCAR SLAE LY {$GPKSH FQY o ARIAM & dHN HeRg 1higer mal
apparatus, and by continuously circulating soybean slurry
15 through this apparatus. It is 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



deaeration step was i nmedi ately separated into soym |k and solid pulp
(okara) using a press (manufactured by Arai 15 Tekkosho (Arai |ron Wrks
Co., Ltd.)) and cooled so that approximately 190 kg of soym |k was
obt ai ned. The solid conponent of the obtya ned soym |k was 13. 0% (by

wei ght). Sensory testing was perfornmed on the taste of the obtained soybean

slurry usingd he evalbat))n Welhed .gii¥ens2@pbebowahY anpanehe pht 260 Men and
wonen between the ages of 20 and 40. Each nenber of the panel evaluated the

test sanpl Si e plour. o) GoKer Lo, Lhe averagenefyvall the
panelistssﬁg #Egn%?afgnggﬁg€¥ﬁ§§%vaﬁggppgn %%ints for eac% t%st sanple 25

were cal cul at egy, 0 E’S%irﬁxtai raet%%%tti%%t %gag%%tésp?ie% prol£@s@nabte 4 aste

) t
(slight soybean odo 2 points --> so at unpl easant taste (strong

soybean ogqr-g) ﬁe@‘&iit?xgga' b3 ad st ast ?QQS%?E?HgOgg% ?H%oéféﬁ)@ﬂef&f_tﬁqélse as

a drink) The calcula val uation points were™t vi ded again into four

| evel sq i ndicated %Kg%rgptoaa g)'}%d“étekr%%eﬁh%tQrﬁeB?E@éSthﬁePaé)Pé),j nfs or
nore - less"than 1.5 points 1
deaeration apparatus 20 for deaerating the soybean slurry once
it has reached the intermediate temperature in the first
heating apparatus 10; and a second heating apparatus 30 for
completing the thermal denaturation by further heating the

10 soybean slurry once it has been deaerated in the deaeration
apparatus 20.

The thermal deaeration apparatus 1 is also provided with
a soybean slurry storage tank 2 in which the soybeans slurry
is stored before it is heated. The soybean slurry inside this

15 soybean slurry storage tank 2 is fed into a feed pipe 12 of
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



15 20 25 D~ 1.5 points or nore - less than 2.5 points X -~ 2.5 points or
nore - less than 3.0 points The evaluation results are shown in Table 1.
(Exanmples 2 to 9) The internediate tenperature (i.e. the value indicated by
the tenperature gauge 5) was changed soshat the tenperature difference
before and after deaeration and the pressure in the deaeration chanber

(i.e. theyyal ygekndiigated sbyunhgoprassHee rgaygenddt ingndpphcatiigalo and
tenperature (i.e. the value indicated by the tenperature gauge 8) becane

the val uegpghguaohn hakk8nl. apPbReRthBanol Nhia EhensQymhksvasypesdduced and
evaluated in the sane way as in Exanple 1. The evaluation results are shown

n Table Li.(Comparative;DxaRple.th Afet hechhgrgel deaghalsenpapparatus,

t he deaeration”apparatus 20, e first heating apparatus 10, and the second

32 heating; t I on t i t.se n € n the
' aleeeaalﬁgcgaggg%%éi%fag anect ed 1 B+ LAt ; SeQYEPEeandy PhbeL: dhpt

connection seque erent, the same substahces as were used in

Exanpl e 1304 Lhg.sanLhenrnl degsr aLhanaappatatusoues dsed 1o pyaduce

soymi | The o I ne soym was evaluated 1n t nme way as I n Exanple

1. The evg%HﬁEkOPaP%§uhH?og%G $ QW“ThE gﬁghﬁ gee&béﬁﬁépg{uségelﬁQﬂﬂfggiure

of the soybean s ry be e and aft eaerat i on, € pressure insi t he

Lompor at UPECT 1oChl aTCACE BPSVATSa Shokn Te TARPEs Of cinearall vi Bl e 2

tenperature in this case are also s Conpar a

Ao the thergal, deaeral kan appacat ys. bhesbir shaheat| 0. popagatys, 40.cdhe

second heat''ng apparat us gaeratron apparatus Wer € connect ed

n thal sgauppce 989veld,obher 1l hancbnEeCRIRGEhLANSSCOER Dol Btbean
t In anpl e

di fferent, e sane substances as were us and t he sane

thert dE@SEégiBBeépHBEa%H%w“@ﬁtBs?HetBtgéﬂdﬂégdsgygéék 3 TH5q 04 aifed
I way as I n Exanpl .

soym was eval uated i n the sane e eval uation

| t LA, T 2 t J i t ,
he 11 nal *CSamer STRrY, TORE LBRpararirs of Fhe Loyhearver u Ty  borare and.

after deagLatLon; and, phe pressure inside the deaeration chanber in this
case are a%so Showh (n Tablé 3. 33 Tabl e 1 Tenperat ureTenper at ur epressure

Egarm) <4 R BLeaCest( hepsuareast oL O D M RS Ao
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 is 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, it 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



(CQlafter (MPaJdeaeration CkExanple 170655-0, 076100DExanpl e
275705- 0. 0711000Exanpl e 380755- 0, 0641000Exanpl e 485805-0. 0551000Exanpl e
590855- 0, 0451000Exanpl e 694895- 0, 0351000CExanpl e 795905- 0. 0331000Exanpl e
8100928- 0, 0281000Exanpl e 91059510- 0. 0204P00 Tabl e 2

Conpar at i veTenper at ur eTenper at ur ePressur e i nl nt er nedi at eFi nal

Exanpl ebeforeafierdeaerat i on demesature fanpefaapliee 1f the end of the
Eval uat i onNunber deaer at i ondeaer at i onchanber ( C) [ CJCCMPa] Conpar ati ve2222-0

05085100%@Md @l - 3 StHabl £s Zonnected to the deaeration chamber 21
CbnparatlvelnternedlateFlnaITenperatureTenperaturePressure

I nExanpl et eimpeanad %ﬁ%ﬂ%%%{;%ﬁﬁf&emﬁ%@ Jr@RrEY¥aluahi anNdrberCCdeaer
ation Cdeaeration Cchanber a) npar ati ve851009085-0 050XExamle 2, As is

clear from Tables d tQu & SAm & Anodused dn dehenexanpl es had a

better taste than the test Ies of the conparative exanples. Anong

theseg the 1888+ mly goo 110 dHY e JTRAI AL & LETRERALYN €1 Was §%ttot en&5C or

nore had a parti taste. Mdreover, whén the internedi ate

tenper at W A 3G MAdidy e Fange of1 AU o T chkhgeg¥ahiabihon was
particularly high. As a result, It was deternlned that a far higher quality

39 proce an. f t thadaf 4tk
Rty bean, | aod tpt{é)dlq'ﬁ'fef S aldted dg) bRe.TRLRAGA 181 ol 6o

exanpl es ention t echnol ogy shomm in the conparatlve

exanpl es., My qQvery i W 8L Si{EAthe 41 PAIGHHRY Ararbliel Lhe1bASt a7 esul ts

are obtai
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



S deaeration step is perforned at the stage when the soybean slurry reaches
the tenperature range of 75C, and nore preferably, 80C in the heating step.
Note that, although it is omtted here, various tests were perfornmed with
various alterations such as the type of 230 soybean, the grinding
conditions, the density of the soybean slurry, the performance or otherw se
of the separati@pistepsbeione heahitige §teamlengspl} arppenndids dris,irand t he

| i ke, however, substantially the sane results were obtained. (Exanples 10

to 18) 15tApasbyheom theript ef abdk at g t Srgeraipy el 4 itierdbie nealtlied rdiecat ed
by the tenperature gauge 5) being set to 99C and the tenperature of the

soybean siavkyarf & ehr#@aes ahh ointérledidtee o tdlicat athaddytdriperature
tenperature gauge 7) being set to the tenperatures shown in Table 4,

soym | k ofndi pf&tknge 201 deRer 86 {198ah eyBh Sr I ek idbrifiersamsiay as
in Exanple 1. The obtained soym |k was evaluated in the sane way as in

Exanpke 1, dBgoevatypti gpugesyl §5qap e SHOMD ddudlal] e eseitg Jat. the
pressure inside the deaeration chanber 21 (i.e.  the value indicated by the

pressure gapgsy2p6) and theodinalr£5 1 efmeradwend isirdhemplgee indi cated

by the tenperature gauge 8) are also shcwn i'n Table 4. 35 Tabl e 4 Exanpl e

Nunberi ntgipgdi dbepy eiMeFr@i i€y 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 controlled 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.



CTenperature after deaerafion CTenperature difference before and after
deaeration CPressure m deaeration chanber ~MPa~Fi nal tenperature C

Eval uati onExanpl e 1094940- 0, 020100DExanpl e 1194931- 0. 025100DExanpl e
1294922- 0. 028100DExanpl e 1394913- 0. 03110@0CExanpl e 1494904- 0, 03310000Exanpl e
7594895- 0, 03610000Exanpl e 1694886- 0. 0381000CEXanpl e

1794877- 0, 0411008CExappLe 3894808 Ka 0434 908X Asd i thid el tHeomekahlae i4n when
the tenperature difference before and after deaeration is 3C or nore, the

taste is ShimpEpved apd;the LastBei Setdid Qvesk EUP P @ tMeBE Raa the
tenperature difference is 9C or nore. As a result, it was determ ned that

the best pesultsp,arg. obfalnedsine they "ot hod ©fe these aarmilRs dpaleus
deaeration chanber is suctioned at a pressure at which the tenperature of

10 the 501/@,93:%S{Héré’e@&ﬁ@h@'?@?r‘i@%\ﬁ’ﬂafét@é 1EAth SGRodB S18% is

preferably 9C or nore, [ower than”the tenperature thereof before
deaer at i op. 4 Nof € f Date o4l %D;%'g?z Iyl §h<ﬁ”féé@dpd}@;§ €31 ViHd WS drfSisedBEe

performed wth various alterations such as the type of 15 soybean, the

gri ndi ng ondi t§ons. niBen IERSHt ¥nOf st Hen SOYDEAN SiptFabud N peffcormRNCe or
ot herwi se of the separation step before heating, the deaeration conditions,
and the lik@rean slurry inside the feed pipe 32, thereby further
heating the soybean slurry. The temperature of the soybeans
slurry at this point can be confirmed using the temperature
10 gauge 8. The soybean slurry can also be controlled using the
pressure gauge 9 and the back pressure regulating valve 9a so
that it is heated to a point where it does not boil.
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
1 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



however, substantially the same results were obtained. (Exanple 19) 20
Cotton tofu was produced using soybean slurry obtained 36 using the
soybean slurry thermal deaeration apparatus 1 shown in Figs. 1 and 3. The
production nethod used is given below. 26 1 ) Imrersion step 60 kg of

Anmeri can soybeans (IOM inported by Mtsui &5 Co., td.) were washed and

then W.erg, @%@%i&@dS%EErQFt@%En@hie@fasfsegl bmiftew ngovateat orird Fipurs.
(2) Ginding step The swoll en soybeans obtained in the i mrersion step were

suppl i edt gqe%@%f._ Wi tRo57Q1k0+8E WabRENtS @h@mhnderrid. (meawd act ured by
Nagasawa Ki kai Sei sakusho Co., Ltd.) and the soybeans were ground so that

appr oxi matel g b {ohi o€ af 15 yastipbtal eresht g 3
Thernalngégg%g?%gﬁﬁsﬁgg ?ﬂé 23383535§¥8$r§ (?a§§£o§§aobtained in théi )

grindingh15 $Ler wa +¢ipcul ated through the thermal deaeration apparatus 1
shown in ﬁFg.e%, 3 aeﬁéating step and a deaeration step were perforned

Stor G i Che BoBean el GrFy TSFerage rant Ehbuecin Ho L e omas
tenperat%%%a%%t%%CZOLtand 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
pipe 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



20 was then circulated through the first heating apparatus 10 and heated to
an internedi ate tenperature of 94C (i.e. the value indicated by the
tenperature gauge 5) over a period of 9 mnutes 30 seconds. The ejector 23
of the deaeration apparatus 20 was then,25 operated and the air inside the
deaeration chanber 21 was suctioned out so that the soybean slurry was

deaer at ed  Thg yal 4g)i 0di caLed y Lheokeuper ALULe,9BuOS, 7 8l bl sndd I, Was

37 89C giving a tenperatur rence before and ter deaeration of 5C.

Mo , wih ,NSi - ti I s t I
i oot e By TR LBEoERar e hRu08 06 ot Ceht oot FRG Has” o0 OB Wha 5\ Al or

conpletin tH% deaeration in the deaeration apparatus 20, the soybean
slurry was C|r&UIated in the second heating apparatus 30 and was heat ed

Fom S0C o 408, ATERLEe B O Ul 20 ISP DAY o

t enperature gad 8 9) “over "a“period o seconds.
el % (ReEUTPLE Uheehd) sTERNIA-BRA AL ARE-ERYUBRSLNTY oo
and, S0l PUR.LONaLE uoLng. 2 Brocs f TRIMTSchuL e B 2l Tpdgaly), and 19
component .ot 14ng; QRLALDCE, SQYM KiWas (Fo S P¥oWeLA) 16, 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 is 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) Coagul ation step After 100 kg of the soym |k was cooled to 70 to 75C,
20 cal cium sul fate (manufactured by Tom ta Pharmaceutical Co., Ltd.) that
had been suspended in warm water was added at a density of 7.80 of the
soym | k solid conmponent and mxed in. Ibywas then left for 10 m nutes. 2
After the obtained coagul ated substance had been lightly 25 broken down, it

was noved i a nd .presgedpf or 20; g1 pad thadrappraxinately 80
kg of tofEkaggggbﬁggnggéﬁ%ﬂ?s%Fo?uqa;é %%eh sgakigP?f wat er and cog?ed, and

was then sg{no§9 th§8§$§?2 538&; ?gﬁt gz}y?g?ﬁ Qpﬁﬁig.edp,ccwdﬂ%ﬂ, content  of

the cotton tofu was Eval uation of the cotton tofu The

har dness ghoLhe; gbLa! BEELGA! ggnekewwﬁé ga5abLeping dhHd&: Mg Lnpleasant

raw odor aracterrstic of soybeans was conp y absent giving the

product ag, %tﬁﬁgﬁké{if{é%et 25! Enel N%Zﬂ%%éfpﬁé%yﬂ ‘@ﬁoﬂ?%h@e“

descri bed above, according to the soybean 10 production ne of the

present i Lpn, b S he .d i r%ﬂqylggi i, bubbl es
nixed% ntgggﬁgéggggegggglSF?y§558%g$§%¢%§d§%gﬁééégﬁéég%nm) t%e ggﬁ ng step
(B, becaHggti i$t3§i?§ heated, the viscosity of the soybean slurry is |ow
and the renoval Jof “arr ﬂbbles m xed into the 15 soybean slurry is easy.

oL Bar B ELAYER, LB, DEPrboR byt Byt I LBHITlp ORI W 0
been deaeration step (C) continuously, 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 soybean slurry while wasting very 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



absorbed to any extent by the soybean protein. Therefore, if the deaeration
step (C) is perforned partway through the 20 heating step (B), it is
possible to efficiently renove the odor fromthe soybean slurry.
Accordingly, it is possible to obtain a2high deodorization effect that is
not obtai nable in the conventional nethods in which the deaeration process

is perforpednehtheraPelorg eheabitEriheoheabpafa im0 23 Hbrenyasan by
perform ng the heating step (B) and the deaeration step (C) continuously,

processedssQybeansf RadcBROEYCLE §8Pr bSr PEOLUGESrSDT £nh@ffd Gi £¥ddsible39
Further, by performng the deaeration step (C) at the point in the heating

step (B) wheg-188.80YPRANSS|HELY LHRSrfpachesh ai §eIPer Aldinke FdgeHy 75 to
125C, and preferably, a tenperature range of 75 to 100C, it i.s possible to

deaer at e 0 : Lthe Li ; t T [~ D
removi ng ?E%Pg?? %§§§?8253%§¥e£%%p$%S§%¢?§¥ﬁ§ %%gggﬁﬁgggﬁﬂg$ﬁ¥f3Mﬁﬁﬂ}hg

d ti t h :
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10 offect s ng,biti|eamneLeyoct i Lhe heah o, process. (Blondy dpil g the

soybean sfurry ternately t arge di aneter pipes and snal

di anet er Qi@f??yr % & §?¥Pt§ﬂ8vé' Hgéé( ﬁ?xfh@@ Y1 BO5 0451 ¥s rﬂf‘é% @dsi%gilrer ed.

Mor eover, generally, e soybean slurry 1s stirred too vigorously, it

tends to QQEQg?ngrHSP%le%E@i%X bUbD 68n ¢ NOVRY Bl ad f2 {116, ARgYE Stygcture

i s enpl oyed, because the soybean siurry can be constantly nadeto flowin a

pi ston 10w bbronghat issl palgles bt hee PEPES: b ARPrARA NG SIS ity

ef fect can be obtail ned: reover, in particu eatl ng step

(B). 1By Wﬁéﬁgtlﬁé‘edé?é’%@??@' gggé{riéﬁ" %;ﬁf&ﬂ&éé’ é&l&rﬁs;%%aln@rﬁeon?iﬁ{@t er

pi pes arranged reciili near sma mef er  pi pes I'n a turning

cont . gur atiogagthes Ll oW Laber ofut el ot AL oMbl AT ghanges and

an ideal vIgorous stafe o he soybean sl urry 1s ac ed.

Therefore,cthe. characteristie ct is achieved that the protein el enent
containedefn ?%e soy egn s%%r?%éig'uniforn1y m xed. 90 Further, by

heat [ ng the soxbeaguoiurey Dy bhoMOGLSLEAR |0 Opddafdt ddio BT, diamet er

pi pes that are bent in a turning configuration, t

soybean slafiyods | PE8CHnet B HYRAD S PLERSAH 2 Pfrdhe spean sl urry is
i ncreased, ‘'the 5 action of suctioning the steamin the steamoutlet is

st 1 engt hafory Anc bes ST ch evey;of Lhe sheamiead ng s domy aud. In

addition to t an eftect of stitring e soybean urry 1s ai ned.

Vor eover, o pecaysend Mis: type of - hersial geasralion MuApATALUs | s provi ded

with a first heatihg apparatus for raising the tenperature df_t e soybean
slurry t @ priedetes mped; hnher opdl pien{ eIRSLAIM & & [ARaer Al pAppar at us

for deaerating the soybean slurry once it has reached the internedi ate
t enper at s enp e thspdisstsheating apparatus; and a
Examples
20 The present invention i1s described in detail below using
examples.
(Example 1)
Soybean slurry was thermally deaerated using the soybean
slurry thermal deaeration 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 &



15 second heating apparatus for conpleting the thermal denaturation by
further heating the soybean slurry once it has been deaerated in the
deaerati on apparatus, the soybean slurry is heated to an appropri ate degree
and it is possible to deaerate the soybegn slurry at an ideal tinme before
the 20 thermal denaturation and to obtain a soybean slurry in which the

odor i's sgppr eﬁé&@'f fecerdhogby. ahl hS) POSSAb e hdh aaitd nuuUsloe a1l
effectively thernally deaerate the soybean slurry and to renove even ninute

ai r bubblgs Hémg frALIBLE SLY HEOWI S, MRLee £Tfoctivalanthan when the
deaeration apparatus 25 1s provided %pstrean1fron1the first heating
appar at us t - deaeration apparatus is provided downstream from
t he seconéQLea??ga&ggga%ggas, and the subsequent deodori zing 41 effect is
most re”arkab'?heB%/wBMS ”9%2}5%&9”889& M | B g &1 Rt &1 g R&s AN el |
di aneter pipes to formthe ed pipe, the soybean slurry can be vigorously
m xed-and i . r.: Gen Ly, ~kf - rry is stirred
t oo ngor%ué#%%ggiFg%%§@¥gswégg gzge%%t%%,w %ﬁ%é@??ygﬁﬁ?ﬁ%%ystructure is
enpl oyed, sQyb ry. : t t\0 f i.n a

p} oy 8@5@#%%@%%68% RE ae§%‘?£ t%JéE%P 5’&&?»{}251?& o, made 1o fl oW e

pi ston fl 0 nsi I pes, appropriate ‘'stirring

k - £het nst . OB i .
oi pes. t natolvatient OFR 2t 0 EEPCEN PR P, 1 ML ST SRR o

pl uralitysﬂg | ar e gl anet ef Lp‘géssarkg@glgﬁgdin straight lines, the flowrate

of the cifculali g'soyﬁ%ﬁnss rry c%anges and an ideal vigorous m xing

state of E@F l§h§§¥$ﬁ2§e$%§£%¥0$ssgg i eved. Therefore, the characteristic

ef fect is achieve rotein el ement contained in the soybean slurry

|'s uppform ymﬁﬁ%gs?ggééﬂeﬁluPQ’%c?PQﬁc%%ﬁ)g &4 HAN f:ﬁ??chrge"%ﬁd@@f or

bl owi ng stea e Soybean slurry a portion o di anet er

pi pes that.are, bent, 10, gat 4 NG conT LALT AN By L L) AN Al e

soybean urty 1s rarsed, e dyn C pressure of e soy urry i's
| noreased, he Agthop of SHEL oML0g: 1RF SLEATAL 4 R ALSATANRL (v
strengt hened, and
performed under the operating conditions given below.
Soybean 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

[A]
(@]

seconds. Next, the heated soybean slurry was fed to 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



the efficiency of the steamfeeding is inproved. In addition 25 to this, an
effect of stirring the soybean slurry is obtained Mreover, by using a
deaerati on apparatus equi pped with a deaeration chanber for tenporarily
hol di ng the soybean slurry 92 and a sugtion apparatus for suctioning out
the air in the deaeration chanber, an excellent deaeration effect can be

obt ai ned 3]G, & SIE SLLUGLILG, o A3 HELALVE STy eAgBLaEUSE} 0p: ek hod f or
ucts that

processed soybean food prod i ncludes a grinding step (A in which

raw soybeany aLe AUt WP Arlde JoheanaSLUbLY. 18 Repieng. step (9) [N
y y and t Iy

whi ch the provided soybean slurry is heate erm enatured, and a

deaetal | on st g L) J Mo QIR e RALIAT: L1 AUGR.! Be beating step (B),

air bubbles mXxed’in w soybean urr~, wherein e heating step

Bl e FEDEREAN S sld UR AN Wl QUg0uRa L 8HO8  TLARPLER AL PE and

a small met er pipé. production metho processed soybean food

Produgt s RSGQLH .0 Q1D L Behiny ddh e eatin0, shea, LBl e {be

soybean slurr ernatel’y bétween a large diameter pipe arranged in

S e O A B s, U S RE e sy Bed c bl BLRERAOREA e AT T O

3. The production metho proces soybe ood uct's according to

ol aim 2 WSS A0 ST, oA pae, thatg BInE.Lp 8 pUERLES

configuré?? e soybean slurry s a e g nto the

soybean slurry.. 4. An paratus faor. thermal d r,atiop, =f n.slurry
conprisiﬁ&:sa lPP&FShégffﬁﬁogﬁ%érgﬁugafhg%epaﬁggg %Fe@Péﬁp§?§?§?§@%¥§the

soybean urry to _a predetermn i nt ernedi ate ratur deaerati on
appar at u?htehgtoy%’&?@r e?tlé‘]srrtyhé'as j:%uéso eeaaenr%st%ﬁir rab%mg{e %gggpggched t he

|nt%&yedﬁ%%%th%a %E@F%k%'é%ﬂﬂ%%é&iﬁt heati ng apparatus: and

(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 sclid
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



a second heating apparatus that conpletes thermal denaturation by further
heating the soybean slurry that has been deaerated bY the deaeration
apparatus, wherein the first heating apparatus and the second heating
apparatus are provided with: a liquid fged pipe through which the soybean
slurry is continuously circul ated; a steam m xi ng apearatus that heats the
soybean slurry.circulating thr h t au.d f L plLp i it with
steam and a Zéqalotl:lr#eed g_Jer %%S réagglléng %s%&%egg{n“ é(ﬁﬁrﬁnﬁﬁ)he
liquid feed pike. 5. The apparatus for thernmal deaeration of a soybean
slurrx accordi Agppoénthai m=, whenevmt Hnpiepsany dab s pé tldems issedean
conti nuous succession of |arge dianeter pipes alternating with snal

di anmeter pipes. 6. The apparatedcifpr thernmal deaeration of a soybean slurry
according to claim5, wherein snmall dianeter pipes that are bent in a
turning configyrgbigpsaxe L,nt ep pesess et WesfhehaPldidd iddb Qft AP M amet er
pi pes arranged in straight lines. 7. The apparatus for thermal deaeration
of a soybean slurry accordi ng cl ai . wherein the steam m Xxi ng
appargfus t hat bl ows stean1int%9?h%§§%; égﬁbglurry is connected to a
portion of theTﬁQH!cLl?%f‘QFéﬁr %Pﬁa%l‘%nﬁgﬁﬁ‘twé a il 'r\%ld:é:wfalggﬂrnat'on'

8. The apparatus for er na eaera a soybean slurry accordi ng

tc any of  .clai 4 to 7, wherein the degergtion apparatus is provided with
a deaexatFBEOCEgﬂﬁeﬁeYﬁlﬁh?Eﬂl§6§B%aﬂys ur2§'ﬁ§'sﬁgée§§and a suction
apparatus for suctioning out air inside this deaexation chanber. 9. An
apparatus fox Ghernad debesatibanod.dn soybean sluxry conprising: a first
heat.i ng apparatus (a) that raises the tenperature of the soybean slurry to
a predeterm neghinternediate r re. ad I t (b) that
deaerates the ?oybe?n sI%i%yp%grg?ghggs%%%%he %%éa%ﬁnéforgrﬁfe%gia% e serrper ature
in the ~ixst heating apparatus; and a second heating apparatus (c) that
conpllét es t herAal denat ukabipaibysconthenmus| dess richdmatd g, padttiiee ~uxt her
heati ng, the soybean slurry that has been deaerated by the deaeration
apparatus, whegein Lhe scondoigali by APRArAltsed Andis Proidletw th: a

liquid feed pipe (cl) including a plurality of large dianmeter pipes

arxanged in straight |lines and s | di ameter pi that, are i nterposed
bet ween t he Iaig% %Y%%%?%%O%iﬁggggﬁﬁ ?ﬂ%ggé‘gjﬁgﬁﬁ%Q%%i%Urning
configuration pch t dianmeter is in a range of 3/9 to 1/5 of the

di anet er &#Q?ﬂéi?%ﬁget%igﬁeter pi pe; a steam m xi ng apparatus (c2) that is
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25 apparatus 20, the first heating apparatus 10, and the second
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Table 2
Comparative Temperature | Temperature Pressure; in Intermediate Final
£ before after deaeration ;
xample d . d fi b temperature | temperature | Evaluation
Number gaeration eaeration chamber Cl C|
, [C] Cl | [MPa)
Comparallie | 99 22 0,050 85 100 X
xample 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.

Moreover,

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

evaluation was particularly high.

As a result,

when the intermediate

the

it was determined that a far higher quality
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Note that, although it is omitted here, various tests

were performed with various alterations such as the type of

10 soybean, the grinding conditions, the density of the soybean
slurry, the performance or otherwise of the separation step
before heating, the deaeration conditions, and the like,
however, substantially the same results were obtained.
(Examples 10 to 18)

15 Apart from the intermediate temperature (i.e. the value
indicated by the temperature gauge 5) being set to 94°C and
the temperature of the soybean élurry after deaeration (i.e.
the value indicated by the temperature gauge 7) being set to
the temperatures shown in Table 4, soymilk of differing

20 deaeration levels was produced in the same way as in Example
1. The obtained soymilk was evaluated in the same way as in
Example 1. The evaluation results are shown in Table 4. Note
that the pressure inside the deaeration chamber 21 (i.e. the
value indicated by the pressure gauge 26) and the final

25 temperature (i.e. the value indicated by the temperature gauge

8) are also shewn in Table 4.
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10

15

20

As is clear from Table 4, when the temperature difference

before and after deaeration is 3°C or more, the taste is
improved and the taste is improved even more when the
temperature difference is 4°C or more.

As a result, it was determined that the best results are
obtained in the method of these examples if the deaeration
chamber is suctioned at a pressure at which the temperature of
the soybean slurry after deaeration is at least 3°C or more,
and preferably 4°C or more, lower than the temperature thereof
before deaeration.

Note that, although it is omitted here, various tests
were performed with various alterations such as the type of
the grinding conditions,

soybean, the density of the soybean

slurry, the performance or otherwise of the separation step

before heating, the deaeration conditions, and the like,

however, substantially the same results were obtained.
(Example 19)

Cotton tofu was produced using soybean slurry obtained
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The swollen soybeans obtained in the immersion step were
supplied together with 570 kg of water to a grinder
10 (manufactured by Nagasawa Kikai 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.
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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5 After completing the deaeration in the deaeration
apparatus 20, the soybean slurry was circulated in the second
heating apparatus 30 and was heated from 89°C to a final
temperature of 100°C (the value indicated by the temperature
gauge 9) 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
weilght) .

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

tofu was then soaked in water and cooled, and was then cut so
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completely absent giving the product an extremely fine taste.

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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effect can be obtained.

20 Moreover, in 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 is achieved that the protein element

contained in the soybean slurry is uniformly mixed.
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10 apparatus is provided with a first heating apparatus for
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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By alternately connecting large diameter pipes and small
diameter pipes to form the feed pipe, the soybean slurry can
be vigorously mixed and stirred. Moreover, generally, if the

5 soybean slurry is stirred too vigorously, air bubbles are
generated, however, if this structure is employed, because the
soybean slurry can be constantly made to flow in a piston flow
through the inside of the pipes, the appropriate stirring
effect can be obtained.

10 By employing a structure in which small diameter pipes
that are bent in a turning configuration are interposed
between a plurality of large diameter pipes arranged in
straight lines, the flow rate of the circulating soybean
slurry changes and an ideal vigorous mixing state of the

15 soybean slurry is achieved. Therefore, the characteristic
effect 1s achieved that the protein element contained in the
soybean slurry is uniformly mixed.

Further, by connecting a steam feed apparatus for blowing
steam into the soybean slurry to a portion of the small

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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heating step (B), the soybean slurry flows alternately
through a large diameter pipe and a small diameter pipe.

2. The production method for processed soybean food
products according to claim 1, wherein, in the heating
step (B), the soybean slurry fleows alternately between a
large diameter pipe arranged in a straight line and a

small diameter pipe bent in a turning configuration.

3. The production method for processed soybean food
products according to claim 2, wherein, in the small

diameter pipe that is bent in a turning configuration,
the soybean slurry is heated by steam being blown into

the soybean slurry.

4. An apparatus for thermal deaeration of a soybean
slurry comprising:
a first heating apparatus that raises the
temperature of the soybean slurry to a predetermined
intermediate temperature;

a deaeration apparatus that deaerates the
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5. The apparatus for thermal deaeration of a soybean
slurry according to claim 4, wherein the liquid feed pipe
comprises a continuous succession of large diameter pipes

alternating with small diameter pipes.

6. The apparatus for thermal deaeration of a soybean
slurry according to claim 5, wherein small diameter pipes
that are bent in a turning configuration are interposed
between a plurality of large diameter pipes arranged in

straight lines.

7. The apparatus for thermal deaeration of a soybean
slurry according to claim 6, wherein the steam mixing
apparatus that blows steam into the soybean slurry is
connected to a portion of the small diameter pipe that is

bent in a turning configuration.

8. The apparatus for thermal deaeration of a soybean
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slurry according to any of claims 4 to 7, wherein the
deaeration apparatus is provided with a deaeration
chamber in which soybean slurry is stored and a suction
apparatus for suctioning out air inside this deaeration

chamber.

9. An apparatus for thermal deaeration of a soybean
sluxry comprising:

a first heating apparatus (a) that raises the
temperature of the soybean slurry to a predetermined
intermediate temperature;

a deaeration apparatus (b) that deaerates the
soybean slurfy that has reached the intermediate
Lemperature in the first heating apparatus; and

a second heating apparatus (c) that completes
thermal denaturation by continuously circulating, while
further heating, the soybean slurry that has been
deaerated by the deaeration apparatus, wherein

the second heating apparatus (¢) is provided with: a
liquid feed pipe (cl) including a plurality of large
diameter pipes arranged in straight lines and small
diameter pipes that are interposed between the large
diameter pipes and that are bent in a turning
configuration of which the diameter is in a range of 3/4
to 1/5 of the diameter of the large diameter pipe; a
steam mixing apparatus (c2) that is connected to a
portion of the small diameter pipe and heats the soybean
slurry circulating through the liquid feed pipe (cl) by
mixing it with steam; and a liquid feed pump (c3) for
feeding the soybean slurry into the liquid feed pipe
(cl), and

the deaeration apparatus (b) is provided with: a
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deaeration chamber (bl) in which soybean slurry is
stored; and a suction apparatus (b2) for suctioning out

alr inside this deaeration chamber (bl).

10. An apparatus for thermal deaeration of a soybean
slurry according to claim 9, wherein

the first heéting apparatus (a) is provided with: a
ligquid feed pipe (al) including a plurality of large
diameter pipes arranged in straight lines and small
diameter pipes that are interposed bstween the large
diameter pipes and are bent in a turning configuration of
which the diameter is in a range of 3/4 to 1/5 of the
diameter of the large diameter pipe; a steam mixing
apparatus (a2) that is connected to a portion of the
small diameter pipe and heats the soybean slurry
¢circulating through the liquid feed pipe (al) by mixing
i1t with steam; and a liquid feed pump (a3) for feeding
the soybean slurry into the liquid feed pipe (al).



