2 2 JAN 2007 1 PRODUCTI ON METHOD FOR PROCESSED SOYBEAN FOOD PRODUCTS AND
APPARATUS FOR THERVAL DEAERATI ON OF SOYBEAN SLURRY TECHNI CAL FIELD 5 The
present invention relates to a nmethod of producing processed?spyteany food
products such as tofu, soym |k, and soybean casein (yuba) and to an
apparatus for the thernmal deaeration off a soybean slurry obtai ned by

grindi ng soybeans, _and is intended to bl e the unplea r r that
’s 10 char actOTLGH DM S 5 A SSRPeCORERY FORby SHCDUEASKERBUND ART
General |y, when grocessed soybean products such as tofu squ% k, and

f :
soybean casein % %%%@T%?eFﬁgoaﬁﬁﬁﬁgLaﬂ@%&ﬁﬁQQQQNP 1BOTRERN ot %R T aw soybeans

and change theminto a liquid formis perforned. This operation conprises:
an imersion step in which raw soybeans that have been thoroughly washed
are imersed in water for approxi mately one night until they swell to 20
approximately twice their size; dEHNAGPRgESEEF in which a slurry is
obt ai ned by rubbing and crushing the swollen raw soybeans whi|e adding an
appropri at e amBUntPIsTs st dmvelid & Tfdatiasy tot @p Methip of tHe¥Gihean sl urry
undergoes thernmal denaturation by being heated to a predeterm ned
t enper at e ceEFad sedfared oed sepatmtisofisthegsi v A c P @i lk -p@ng (okar a)
is separated may al so be perfornmed either before or after the heating
step. | n saddieErorcaselin shalsy povsitsl ént GPeReE tiife P12 thaN theora i
deaeration of a soybean slurry obtained by grinding soybeans,
and is intended to enable the unpleasant raw odor that is

10 characteristic of soybeans to be effectively removed.

BACKGROUND ART

Generally, when processed soybean products such as tofu,

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

This operation comprises: an immersion step in which raw
soybeans that have been thoroughly washed are immersed in
water for approximately cne 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 (okara) is
separated may also be performed either before or after the

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



i mrersion step in cases such as when soym |k is being produced for human
consunption. By further processing the soybean slurry obtained through each
of the above processes, processed soybean food products 5 are Zgﬁﬁzﬁ For
exanpl e, tofu can be obtai ned by addi ng coagul ant to the 505% arry
so as to coagulate it. In this type of ocessed soybean food products
producti on_net hod tEe heating step enders ha£n1§5f t he hfﬁnfu}ciﬁgg}ances
cont ai ned *TREFREOBoyhERNS b§orhe Raati iy 10FT ner ¥ht L ante & 56 Si Al T ties t he
soybean p%otekn and chanﬁes,it into a state in which it can be easily

di gest ed. TThe "HBAY| iR S8T8p*PE thus particularly inportant (see page 121 of
"Soym | k", by Kanpi Tsuchiya, Food Research Instifute, 1980) The heating
step can be seBérgPEHh?ﬁtBgacFéﬁﬁEPaFﬁ?esoﬁ ?%j%i%ﬁr%téﬁF?ip%éhﬁﬂquﬂp
soybean slurry is heated so as to raise the t erature_thereof and a
Uhermal GBRBEUPSCTER SPEPS PROGARERSC hBTSTYREM BrBberh 307 Hertr Tl
denatured by nmaintaining the heated soybean slurry at a raised tenperature
for apredBEePRPALECE nEOL HBWETRLS  nbPARIFIT PHecakisal bfd tihe IS of
heati ng apparatus used or because of the operating conditions, the soybean
slurry i sCopgrhant yCaehat uFedPRAN 81UERE $enperbt ureadhe?edfits being

rai sed, and there is usually no distinction between the tenperature raising
step and the #hethhf EepatafaProfcseep. S2EPHNele?d PRRIWGEYre of soybean
protein is such that it is extrenmely susceptible to being perneated with
air. Therefedectiep mpehe@dybehf SRaF+)Ibetoresepeehedteti®sh &% arge anount

of 22 JAN 2007 3
harmful substances contzained in the soybeans by the heating

10 therecof and alsc simplifies the soybean protein and changes it
into a state in which it can be easily digested. The heating
step 1s thus particularly important (see page 121 of
“Soymilk”, by Kaniji Tsuchiya, Food Research Institute, 1980).

The heating step can be separated into a temperature

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



air in the grinding step and a | arge nunber of air bubbles become m xed in
the soybean slurry, then this has a deleterious effect on the final

product. For exanple, if tofu is produced using soybean slurry iZ JEN wgich
air bubbl es have become m xed, the finisged tofu has insufficient hardness
and the constituent elenments of the soybeans are oxidized by the oxygen in

the air bubbl 65 hesuLiid i Jdie phabbematbshigobhabean; inpheasant raw

odor is given o erefore, technology for renoving air bubbles from

the = soybean sLupsy isiing A 0eagkaling A0p! atysi srkgopgsag a  method for

sol ving the above types of probl'em Exanples o these are the technol ogy

di scl osed iQeéﬁ@g@;geggg%é%nbgeqheP§E%g5 égg%%ﬁ@tion, First Publication
0 1 9] u S

( Kokai ), Rﬁ. I'n which air es are renoved fromthe

soybean sl urryeoby AgHALT 9 Uaila .3 deasration. apacal s pelore. t he,

heating step iS per med, "and the te Irscfosed n Japane

Unexam ned, Pat ent ication, First Publicati (Kokaj 61- 195660
in mhgih ghagae?éfﬁgﬁhgﬁggeggwfsbﬁgPPSrWégeéftgge gbn?%%eﬂgg?F%Sp%%ep.
However , becag§e t he s%¥bean slurr

LS i Ligurd -.sl f th
removal of “AFF IHaBEPEs |§d8fﬁﬁeﬁgpzt %ikgpgﬁﬁ%gg%gr?%%ﬂgéﬁ¥yoggg%ethg
t t h f is | . wWhi ch th i ity to i
Accor di ngPyYPASNES 538" G G88d i L1 apanédsh UkBx 3%@#%&1@%@%2?1 cation,
First Publi I . Kokai . _Sho 52-540 wh th ti
FT Sllenien o) b, she,shsion, vien (e Geseta 1 Bfoces

is given off.

10 Therefore, technology for removing air bubbles from the
soybean slurry using a deaerating apparatus is known as a
method for sclving the above types of problem. Examples of
these are the technology disclosed in Japanese Unexamined
Patent Application, First Pubklication (Kokai), Na. Sho 52-

15 540€¢% in which air bubbles are removed from the soybean slurry
by deaeraticn using a deaeration apparatus before the heating
step 1s performed, and the technology disclosed in Japanese
Unexamined Patent Application, First Publication (Kokai), No.
Sho 61-195660 in which a deaeration process is performed after

20 the heating step.

However, because the soybean slurry is in a liguid -
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
Publicaticn {(Kokai), No. Sho 52-54069, when the deaeration

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



tenperature prior to the heating step being perforned, the renoval of the
air bubbles is exceedingly difficult and it is necessary to peonr $e
deaeration using strong suction provided by an apparatus with é&ﬂﬁ cated
structure. 5 Furthernore, because the deperation is difficult, it is not
possible to renpve mnute air bubbles, which has resulted in the problem

arising thatpanstnpkegsapt E@%ﬁ@IOﬁeé:@wds@é/pttb@m@lgelbﬁm@ﬁ refei ns in
t he flnlshed product. Moreover, after the heating step is conpleted, the 10

soybean slurgy,abger bget Qgrog%b@ége@gyeg@é@&ﬁs@ﬂyIahﬁﬂeculs@yéqe@mﬂorﬁ einin

which the thermal denaturation is wel advanced ‘and thls odor becones fi xed
in the soybeansstyrey. o TRELRI ORE. a@$ fastﬂ!)ﬁ%@ﬁﬁgé angese: dnexani ned
Pat ent ??c%t%gn F?st Publlcatlaa ( Kokai ) Sho 61 195660, the 15

probl em Léx‘??déﬁ%%f?ﬁ gg%ré‘@ésaw{ﬁ?dé/@&%ﬂ genaLated- idr fhe  soybean

slurry e es are renoved fromthe soybean slurry that has
under goner {ben DAAL L0 BLERuSDALRL Yuco ONEE; e, Odff ¢ AAS Een generaed, there
has not been nuc point to then per ormng t aeration and a

sati sf act ffec e (o] t t.al

this may,§§%5£$% e%go%eﬁﬁeéc%%égﬁ?lgﬁ%Jg tec noIgg?ggplF%§&§F§¢?é%#n¥k

deaeratia ;9?(?9}fleﬂnsa9§g%9g2?ga9naﬁ eﬁPé@? lséw”éa/opet;éﬂseed”byafér?é the

heati ng step, as not possi bl'e to obtain a satisfactory

deodorlzaéi %fgg 9an 552§nh€§r§ us. not 4 erégﬁSIble to_obtaln hlgh

qual ity soy ean ood pro ucts. ernor e, as not hitherto existed
a thermal 2 gé@%@QQZ, ?fter the heating step is completed, the

{ 10 soybean slurry abscrbs the odor already generated in the
soybean protein in which the thermal denaturation is well
advanced and this cdor becomes fixed in the soybean slurry.
Therefore, as is disclosed in Japanese Unexamined Patent
Application, First Publication (Kokai), No. She 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 cdor removal has not been obtained.

In this way, in either of the conventional technclogies
in which the deaeration process is performed on the soybean
slurry before or after the heating step, 1t has not been
possible to obtain a satisfactory decdorization effect and it

25 has thus not been possible tc obtain high quality soybean food
products.

Furthermore, there has not hitherto existed a thermal



deaerati on 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 qudltiN #88}bean
food products has 5 | ong been desired. DgSCLOSURE OF THE | NVENTI ON The ai m
of the present invention is to provide a processed soybean food product of

a hi gher quald ity sthadips a2 heen patuced Biddherte Byncedewvi Bg air bubbles
mxed in with the soybean slurry and effectively renoving the unpl easant raw

odor that nes +Ghar acfeerd SiddaOfs190Reans; cHe rsevhean Rroddeki-aningt hpd of
the present invention includes a grinding step (A) in which raw soybeans

are groundgyia 0 Janouvide R Serkedi &iWdntntakd anh@abhRgt8kepneB) in which
t he prOV|deg soybean sl'urry is heated and thermal |y denatured, and partway

t hrough t [ t : .deaey ati;Qn C r g [o]N-1N
bubbl es m@% el e é’( l?c?fbi’é%%sﬁ;@rlﬁ%i FRer gr )rgé’fé’.g BGORR EF  DESCRI PTI ON

OF THESDR@@%?GgeE%g.e%ﬂ £ schematic structural view showi ng an exanple of
t he soybean slurry thernmal deaeration apparatus of the present invention.
25 Fig. 2 is a view showi ng the exterior appearance of another exanple of
the soybean slurry thermal deaeration apparatus of the present invention. 2

2 JAN 7007 6 Fig. 3is a vb§§biggw§@gO%h%H%x&ﬁghgﬁI@gpearance of yet

The aim of the present invention 1s to provide a
processed soybean food product of a higher quality than has
10 been produced hitherto by removing air bubbles mixed in with
the soybean slurry and effectively removing the unpleasant raw
odor that is characteristic of soybeans.
The soybean producticn method of the present invention
includes a grinding step (A) in which raw soybeans are ground
15 to provide a soybean slurry, and a heating step (B) in which
the provided soybean slurry 1s heated and thermally denatured,
and partway through the heating step (B), a deaeraticn step
(C} for removing alr 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.



anot her exanpl e of the soybean slurry thermal deaeration apparatus of the
present invention. 5 BEST MODE FOR CARRYI NG OQUT THE I NVENTION In the above
descri bed production nethod, it is preferable if the heating prggﬁqm(B)
and the deaeration step (C) are performed continuously. It is also
preferable if the heating step (B) conprises a 10 first heating step in

which a terrperﬂn%re30£st§ev§9wb§r%k«i§é WHY 48 Al Sedhd A SHadederpgned

internedi ate tenperature and a second heating step in which the soybean

slurry i Sancgff-’tﬂépeéxg'ﬁ€1§dofaggei fobbeadeastaty amsten ((oad Sdeyf ormed
between the first heating step and the second heating step. 15 Further, it

i's preferg%égrégugh fdgggr?£éggn§t§§vé§gié§_ perfornmed at the point when the

soybean s ry reaches a tenperature range of 75 to 125C in the heating
step (B), and it is nore preferable if the deaeration step (C is perforned
at the point when the soybean slurry reaches a tenperature 20 range of 75

to 10gC. It is also Bﬁﬁ&aﬁ?@ﬁeﬁhﬁ Eﬁﬁg??ﬁ@rﬁﬁ§oﬁH§t?ﬁv $r1bS a nmet hod for

renoving air bubbles e soybean slurry 1s epressuri zed such that

t he tenperatur no{%%gg?$?¥?§g€%§l%%%z?rggg{‘g%ﬁ?ggaﬁ% l.gast, 3C or nore. 25

It is also prefera ng s soybean slurry flows

| t t I ' ' d ' ter. pi I
thi e case s retfiineat PP e oR ol o600 i e PR EEm 1 "t
soybean S[efrgg£'0g fg}%géng%géynugggy§gn a large dianmeter pipe arranged in
a straigh *lne n

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

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

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

20 range of 75 to 100°C.

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

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

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



a snal |

di anet er pi pe bent

in a turning configuration. Furthernmore it is
preferable if, in the small dianeter pipe 5 that is bent in a tugnANGI7
configuration, the soybean slurry is heated by steam being blown into the
soybean slurry. The apparatus for thernal deaeration of a soybean slurry

of

the present invention conprises: a first heating apparatus that raises the

temperat urg) of ithessgybeap sl briy tReasdPodigdet eF Ay nerthd Nt £r ek At v
tenperature; a deaeration apparatus that deaerates the soybean slurry that

has reachgdi{,ben LnigroediatRetEPPEEBLULErddyddei di4 sit heafina arpaal us;
second heating apparatus that conpletes thermal denaturation by

and a

further heathnag: theageybead: sk hAta hasybeen deaeral e I, by the

deaerati on apparatus. |

the secong, heal | ngr@PPAT AL USr 8FEy 2RI OVE fled; v il &nd i AUk thdeed Rk

whi ch the soybean slurry is continuously circul ated; a steam m xing

appar at “St%é{‘aishﬁéﬁ EP?aSPMPﬁﬁﬁ?Sgﬁgfggﬁ?H@% ,tiﬁget%%tﬂfuéﬂ,tﬂsd 20

feed pipe eedi ng t he

soybean ShULLyqinlostbe, ! Laihd £e6dnPLRE, dhe i

liquid feed pipe tonprises a ~conti nuous succeséﬁ%n 0

y mxing it wwth stea Iquid feed punp for

é@hfgfgﬁgﬁble if the

i's preferable 1f the first heating apparatus and
t hr ough

e di aneter pipes

aiternating wiihe sgplla.thaeher-phogs: SDI&O¥Eon de i HIAAIAN G, I, small

25 di anmeter pipes that are bent 1n a turning configuratio

are |nteﬁbosed

Fur Chormo b, C1E VeVRrat ol hbra {12 3 IA 2007 Bt he St Chrn 3T Sphar at us

that bl ovey st eam Lol ochbe; sqybean, 8! UE"¥hd Sseaeet srldgy apaytion of the

smal | di ane

10

15

20

25

r pi
predetermined intermediate temperature; a deaeration apparatus

that deaerates the soybean slurry that has reached the
intermediate temperature in the first heating apparatus:; and a
second heating apparatus that completes thermal denaturation
by further heating the soybean slurry that has been deaerated
by the deaeration apparatus. It is preferable if the first
heating apparatus and the second heating apparatus are
provided with: a ligquid feed pipe through which the soybean
slurry 1is continuously circulated; a steam mixing apparatus
that heats the scybean slurry circulating through the liquid
feed pipe by mixing it with steam; and & liquid feed pump for
feeding the soybean slurry intec the liquid feed pipe.

It is also preferable 1f the liquid feed pipe comprises a
continuous successicn of large diameter pipes alternating with
small diameter pipes, moreover, 1t is preferable 1if small
diameter pipes that are bent in a turning configuration are
interpocsed between a plurality of large diameter pipes

arranged in straight lines. Furthermore, it is preferable if



that is bent in a turning configuration. It is also preferable if the
deaeration apparatus is 5 provided with a deaeration chanber in which
soybean slurry is stored and a suction apparatus for suctioni hd JANt20Hi r
inside this deaeration chanber. The pregsent invention will now be described
in detail. The soybean production nmethod of the present invention 10

includes angrkpdhAImSkeAg( ApphRaviisChnEawsseybeansamr engbotRd tOyid0vi de a
soybean slurry and a heating step (B) in which the provided soybean slurry

i s heatedsand-{hecmabhycdepat ubed, poaRtopaptWeyet BhOUIhat Age heatp 1ge st ep
(B), a deaeration step (C) for renoving air bubble& mxed in with the

soybean s{yrgy;s1Behs Eﬁraomﬂmea%%y LPEpYgh, the heating process (B) ,
because it Is being heated e Vi scosl y of the soybean slurry is | ow and

the remval Ofﬁ@i%gbﬁ?gb?érgké?gb?gg9ft9ﬁ25§%9§ﬁ9t§é r%ﬁgé?atﬁésy Mor eover,

partway throug eatinhg step er ma aturation has not

progr%§seﬁr89§éé8'QQEbyaf8Ea%98t18ﬂ°Eh8%béPel§°MP§éﬁlg&gﬁéXntQ%ﬁﬁy ¢ feen

absorbed t 0 any exten e soy ean protein at t t age fore,

the deaeé@%kg$e§ Spa(%%c£§o BQSQuBaE ¥ﬁ¥u£9§8H99%t98ﬁh§9$' iR ep (53

, It Is possi o ef |C|en eane t odor from e soy ean slurry.

Accor di ng i b btain a high deodorization effect that is
not obtalkg eéfééfﬁ9§8éo%§3hpfgnal met hods i n which the deaeration process

is 2 2 JAN 700? 98 EQE”?EVSE%E?E QEigrEOQV Qfégécggﬁ?ﬁeﬁé SLLP-

Mor eover, the ron S e per orned e the eatlng

The soybean production methed of the present invention
10 includes a grinding step (A) in which raw soybeans are ground
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
15 1s performed.

Partway through the heating process (B), because it is
being heated, the viscosity of tﬂe 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) 1s performed partway through the heating
step (B), it 1is 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



operation is being perforned or after the heating operation has been

stopped. 5 Note that, in the production nmethod of the present invention,
when necessary, it is possible to inplement before the grindind &4A8bNEA) a
suitable imersion step in which the raw soybeans are swelled by being
imrersed in water, and a separation step either before or after the heating
step in 1paMticGhedhe isophedr rAd Ik a3 tRiressed haad ihhessebi. dvMpukpvéokar a)

is separated. The term partway through the heating step (B) neans the

period af tiefe hrald g i¢h thesoyhean s by rifasmbaguRinei kaei heak$nhi gher
than roomtenperature, and is not particularly 15 restricted. For exanple,

the deaer fd-0n tSleP i(ChdTRY Re riRidReE sdueingnkheekeREr abdketiahsi Nng
step in which the tenperature of the soybean slurry is raised by heat being

applied thgletRen QN the thermal denaturation step in which the
soybean 20 slurry is thermally denatured by being maintained at the raised

tenpergture fongPredetenm ned ti i, Aibar pakhval ¥r thhepdeagnation step
(C© may be performed between the tenperature raising step and the thernal

denatur ati,onstaln, HANENSlecdiscause sthe 0da6 sob bhecsoxBeBReRkUBEYoLS
n protei

absorbed 25 into the soybea n as the thermal denaturation

progresses,,d b ;g Rhef ehall &a)f o %i%%q%gﬁmgfgﬁiﬁ EZ-(%%J $n_GATBLELRd before

t he thernmal denat urat’i on progresses too 10 Further, it is

ggﬁ]ca.teL?glt i%gir\ff g%@;%ﬁg%gg%tg;%%e%%% 69 veSngCoRREELEA PRT AL Lhe hheL Ml
separation step either before or after the heating step 1in
10 which the soybean slurry is pressed and the solid pulp (okara)
is separated.

The term partway through the heating step (B) means the
period after heating of the soybean slurry has begun while it
is higher than room temperature, and is not particularly

15 restricted.

For example, the deaeration step (C) may be performed
during the temperature raising step in which the temperature
of the soybean slurry is raised by heat being applied thereto,
or during the thermal denaturation step in which the soybean

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, 1t is preferable if the deaeration step (C) is

completed before the thermal denaturation progresses too far.



slurry begins. Nanely, in the case of this exanple, it is preferable if the
deaeration step (C) is perforned either 5 partway through the tﬁgferature
rai sing step or between the tenperature raising step and the t crél 2007
denaturation step. In order to performa nore effective deaeration step
(O, it is preferable if the heating step (B) is fornmed froma first

heat i ng 8%998h 1¢hia peaperabyce;ef hheqsqubgan A0sebyriy)issraised to a
pr edet er m ne |nterned|a e tenperature and a second heating step in which

the Soybeeegghgke& b3 eoflr ther -heated, déﬂgtb£a£ Sndgaerptionysiep (O is

perforned tween the first heating step and e second heating step.

Narel . L be,soybeaR; alu” knks heahedyLo cggelakeEH?Qlagsmpﬂé teppgrature in

the first ep an Béequent deaeration step (C) for

deaefat'ngr&?srasxge%@ %k8r6¥a%§at38hggggﬁ Th§§e§é£§5rm§at@ffhéﬁe soybean

slurry is maintained by the secon ep a e tenperature after

Lhe eaeéé&k%?gggﬁgpﬁghegﬁgi%gﬁB%&%EHES 9£ EEE%?% ﬁagrsg el Scigd raised

further t tenperature atively, after the

Lerper o UL gngh LB BOYSAD-S| ULEY DD, «RECINLAkaEduLoLbe 9{@96§§%g1ned

final tenperaturée, It ammatue

| nter medi at e t§§p§65%gr 9 %e gs&%rgbhx éeéfk9c§%v§5%&§gg§§?6#r$t I

bet ween 75 and erab etmeen and e

preferabl ge%2§§§6gga%?% éogg%hhgaghg tgpg ?érhe o%o hg S ggqg slurry IS

| ess than € Vi Scosi soybean s urry is too

high and i, o s, dlEihgubtebOs hoIRYE! hoc hpUE S AEL bubbles,ifL il soyean

10 slurry is raised to a predetermined 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 scybean slurry is heated to an intermediate

15 temperature in the first heating step and subseguently the
deaeration step (C} for deaerating the soybean slurry is
performed. Thereafter, either the scybean slurry is maintained
by the second heating step at the temperature after the
deaeratiocn step, or the temperature cf 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



slurry, resulting in cases arising in which effective deaeration is not
possible. On the other hand, in order to 5 deactivate the oxygegezi#wt@@
soybean slurry, it is sufficient if the tenperature of the soybea rry
is raised to 125C. If the internediate tenperature is set in excess of
125C, then the energy costs increase. Mreover, when the soybean slurry

gets withige %hetgéeqlggoggggtggethSQB?BEXnd§§u§ ?e§s %QoAﬁhgh %@ve it is

preferable if the internme e tenperature 1Is se Int
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20 When t b f ood d b duced. h
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slurry gets within the area of 75°C, the viscosity decreases.

10 As a result, it is preferable if the intermediate temperature
is set within the above temperature range within which the
viscosity of the soybean slurry is low, the deaeration can be
efficiently performed, the thermal denaturation of the soybean
protein does not progress too far, and there is little waste

15 of energy.

Because it 1s 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 ccagulated focod 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



decreases by at least 3C or nore. It is nore preferable that the
tenperature of the soybean slurry decreases by 3 to 15C. 5 This | owering of
the tenperature of the soybean slurry occurs because, if the priebshit dlibf

t he deaeration chanber is reduced, thejg?iling poi nt of the soybean slurry
decreases so that the soybean slurry boils nore easily and the vaporization

latent  heqf id%a'eq%tti!r{ge%ﬁ%orﬂ%q%swiahwlkf@%ha@%ngo Begﬂpgﬁ.u%p?gted 10 by

t he soybean slurry whi i's boiling. the deaeration step is

per forned jn a deagrat] %chcmerth@aéigglgeﬁ'aftilﬁ%do\fOltngsoErB@Qni b1hsy

preferable that the pressure in the rati on chanber 1s set such t%at t he

temper at Ut of e soyhean Sl ry calfen deachat Lan decr 6ases al8eby, 3C of

nore conpared to be e the aerati on, because it is possi ble to nmake

the pressyre it%H\Hé;%aq radgd an,e %:%%’ngh 21RLe3SULE L Wi BQySQS?S?Xbéa”

slurry boils g and to perfo ci ent “deaerat 1 on. usting the

tenperat une di higrense of Lhe seybean. 29 shutry befgrenand,gfier deagration

in this way, 7if is possible to ad)ust e pressure‘rn thatdeadr afron

chanmber and, _as a i%e%gk}, to a%just %gg ﬁxten t he, soybean glurry
e

t.to_which
is deaerated >t the tenﬁ’FEFﬁrg 5Ff ggeSPtﬁﬁg gh%ﬁggﬁ sPu ?yuﬁ% before
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di f f er encE° 8P Fhe
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t he great%

10 by the soybean slurry while it is boiling.

If the deaeraticn 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 deaeraticn decreases

15 Dby 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, 1t is possible
to adjust the pressure in the deaeration chamber and, as a
result, to adjust the extent to which the scybean slurry is
deaerated.

If the temperature difference of the soybean slurry

25 before and after the deaeration step (C) is less than 3°C, the
bciling of the soybean slurry is less vigorous and a

sufficient deaeration effect may not be cbtained. On the other



the deaeration effect, however, when the tenperature difference increases to
15C, then the deaeration effect is 5 the sanme as when the tenp ? g@%ﬂ?
difference is below 15C. Therefore, it is preferable in view of H
deaeration affect as well as of conseryisng energy that the tenperature

di fference of the soybean slurry before and after the deaeration step (O

Is set tohe?’néo g 1%?8«%9 %ﬁ%o'&gﬁ %EQ {ib?fé?& LDt g el géc?yé@aﬁperat”re
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deaeration ste appropriately sef écted From one

soybean slytry.2o.atsLhectomper ahline, Lber col.alher the. deapration step (O

rai sing the tenpera ure o e’'so ean slurr urt pr edet er mi ned
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to the h| L fénal tgngsratur OL 9£ %éSﬁ n tﬁg gond 2 JAN 2007 14
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10 In accordance with the set intermediate temperature and

with the temperature of the soybean slurry after the

deaeration step (C), the method used for the second heating

step performed after the deaeration step (C) can be

appropriately selected from one of: helding the saykean slurry
15 at the temperature therecf after the deaeration step (C);

raising the temperature of the soybean slurry further to a

predetermined final temperature; or raising the temperature of

the soybean slurry to a predetermined final temperature and

then holding it at this temperature. It is preferable that the
20 soybean slurry be ultimately heated to between 95 and 125°C as

this causes the thermal denaturation to be completed.

For example, if the intermediate temperature is set to

the comparatively low temperature of less than 95°C and the

thermal denaturation c¢f the soybean slurry has nct 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



tenperature of approximtely 125C and the thermal denaturation of the
soybean slurry has progressed sufficiently 5 in the first heatlzg‘@h%ﬁ then
the tenperature of the soybean slurry does not need to be rais Her

the second heating step and may be hel dgat the tenperature at the

conpl etion of the deaeration step (C). In this way, it is possible to
appropri atrRlat ise] ented hey k0 wxtRManele the heatiay asdatempesahur efrahsing
in the second heating step in accordance with the internedi ate tenperature

set in the fddisledi@atd NGrgian and wst Re tth%oexh@nt:o%bwelvs.u!pssaggant
tenperature reduction in the deaeration step (O reover, it is also

possi bl e tQpRke tifHesS fed Yk ik k3 aqoareanss whikhrhbenkype of processed
soybean food product being produced. For exanple, when naking a drink such

as soy  Midd, & RyefRr al %H@etgbqﬂaéam)vglwﬁyh%fsl Bgogbesgembea@f%yéﬁmyto
105C in the first heating step and then lowering thé tenperature to

appr oxd mat;el ¥ HLOQG it the ([deaeratdon $lePrhand 20 ther eaf Bgrthee%gﬂgaﬁ he

soybean slurry to 120C'in the second heating step and holding it there for

apprOX|nang r% 1Q,el5 nJH NURSE -+ d Bt Be iREQAYCLL 0B  MeLhed 0 cLRRPT esent

i nvention, heatlng step (B) and the deaeration step (C) may be
performed,, A NG 13PRAT ahus rapd.a knewn deagpation
appar at us. eégl% Igge f atlng appar at us Fnc? gg |nd|?ect 2 2 JAN 2007

15 heating. | Qqqipp%qugbugﬁgkg%gﬁ%% sych agya surface heat exchanger, a

pl at e heat exchanger heat
In this way, it is possible to appropriately select the

10 extent of the heating and temperature raising in the second
heating step in accordance with the intermediate temperature
set in the first heating step and with the extent of the
subsequent temperature reduction in the deaeration step (C).
Moreaver, it is also possible to make this decision in

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

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

In the productiocon methed 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



exchanger, a nultipi pe heat exchanger, a coil heat exchanger, a flat heat
exchanger, and a scraped surface heat exchanger; 5 and direct h %tjng nmet hod
heati ng apparatuses that m x the soybean slurry together with st Xy
heat this mxture such as injection types and infusion types of heating
apparatuses. It is preferable that a direct heating nmethod heating

appar at us s, {4$,@d me ckh%ﬁ%&ﬁ%%a%§§a¥%§ﬁs%%nsﬁ%hhgétgdsu}Qaggfh@gentIy- In

contrast, 1If an”indirect heating netho heati ng apparatus is used, care

needs !0 R dneR.As J eards Ehe epeiabig candohbols,agd gageating tine, as

soybean protein ténds ecome burned - and stick ft heat transfer

surface of.khpARRAT &l 5,40 Lhe rosent, Jivent Lany AcdestiapLpgbeat | ng

apparatus i's an injection hod “Conti'nuous héati ng~ appar at eats

t he soybean sl urr y conti nuously bl ow ng. _steam_i.nt h nt.Lnuously
circulatiﬁgf§8§b§§ﬁgsﬁﬁfF?pg§§’tﬁ%g ?yﬁgroPEdaﬁﬁéggggsEegﬁeggﬁéng?6é

described bel ow, i.cular, is 20 th desi rabl hi f
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lurry, st i i ned ont.o.the pipes t h, whi ch_th b
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! apparatus is used, as the soybean slurry can be heated

10 efficiently. In contrast, if an indirect heating method
heating apparatus 1s used, care needs to be taken as regards
the operating conditions and operating time, as soybean
protein tends to beccme burned and stick to the heat transfer
surface of the apparatus.

15 In the present invention, a desirable heating apparatus
1s an injection method continucus heating apparatus that heats
the soybean slurry by continuously blowing steam intc the
continuously circulating soybean slurry. As this type of
apparatus, the apparatus described below, in particular, is

20 the most desirable.

In this type of heating apparatus, at the portion where
the steam is blown into the soybean siurry, 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 scybean slurry is circulating, however, it



flowing and to provide the steamoutlet at the distal end of the protruding
steampipe. In this case, it is desirable if 5 the steamoutl et opens facing
the direction in which the soybean slurry is circulating (i.e. 0 JARe(7
outl et opening faces the downstreamdirggtion of the flow of the soybean
slurry) . By providing the opening of the steamoutlet such that it faces
the downste e%ﬁg@'%%%%u%ﬁeOEO&h%hflgwegk ?q%e%0t§0¥98§9uéguﬁﬁ¥o the dynanic

pressure of the séybean sl urry acts on the steamoutlet and a phenonenon is

gener at ed; Fgld@h?glth@epﬁg% k%r%%%%'%ﬂ?@htQﬂ@rgéyBQSnSE§éHk9U£Eet and the

steamis own e cien into the soybean slurry. In the heating apparatus
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dynami c pres ure af the sqy n rr |ncrea n n her reasi ng
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shape (th%ﬁaksi%of%%egot%ed%%%n%Q%e%%eglrectlon of the flow of the

(
| 10 soybean slurry, the dynamic pressure of the soybean slurry
acts on the steam outlet and a phenomenon is generated in
which the stem is suctioned towards the steam cutlet and the
steam is blown efficiently into the scybean 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 scoybean 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 1s increased resulting in
the dynamic pressure of the soybean slurry increasing and
thereby decreasing the static pressure. Therefore, the action
of suctioning the steam in the steam cutlet 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



covered by the apparatus), and the heating apparatus of the present

i nvention desirably is designed such that the dianeter 5 of the pipes

t hrough whi ch the soybean slurry circulates is also made snallerl 2 bAR Hidke
| ocati ons where the pipes through which4he soybean slurry circulates are
made to turn. Thus, by making the dianeter of the pipes smaller in the

locations phere tﬂec}piat}?%é%g:r%haﬂ@i&ﬂﬁim% seyhean sl urby 1Qagpbieyl ates are

made to turn, the flow sp of the circulating soybean slurry changes and

an ideal mixing stateds a i[ﬁvs%epéf N WiCh ot he sQybean cghukr ¥hksatbgroughly

agitated. Therefore, the characteristic effect is obtained that the protein
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whi ch the ean slurry 1s circulating. rthernore, because, air

are geé‘er%fﬂ Y% egbe_l_lrpfetsfﬂ:hr%%ﬁﬁ Jﬂeﬁhs‘%%e%%y%'e%r%1&%@8%%@91&985"&9”O!JS' Y,

it is prefera e soybean slurry is- nornall to circulate in a

pi ston fl%ﬁssoggﬁa}%ié %%adﬁetéﬂelégit%eestehﬁ%%{]{ive!ﬂiscuhtqu tﬁeygﬁggsﬂcugéxgbg de

ci rcul ati ng. eatl ng ‘and aerating the soybean slurr

to circulahe in g pisten J1 oy stal e wiiJe el 09, Yigorgusty goitated in this

way, the present invention i's ieve a her remarkabl e effect.
2 2 JAN 2007 1§ Ay @P%arkaltn%s Y abL%m‘égc%% " he Sﬂ?%@%k?’ie%p&’%r ghYs
provided that it 1S a | €10 "Temove @i bubbl’és T rofm thée
locations where the pipes through which the soybean slurry
10 circulates are made to turn, the flow speed of the circulating
soybean slurry changes and an ideal mixing state is achieved
in which the soybean slurry is thoroughly agitated. Therefore,
the characteristic effect is obtained that the protein
component contained in the circulating soybean slurry is
15 unifeormly mixed.

In this case, 1t is desirable that the diameter of the
turning pertion 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 i1f the soybean slurry is normally made to circulate
in a piston flow state inside the pipe through which the
soybean slurry 1s circulating.

By heating and deaerating the soybean slurry as it 1is

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.



soybean slurry, however, it is preferable if an apparatus that 1is provided
Wi th a deaeration chanber and a suction apparatus 5 for suctioning out air
frominside this deaeration chanber is wused, and in which soypgq@NqPFrry is
stored in the deaeration chanber and the pressure inside the deaeration
chanmber is reduced mhen the air is suctioned out fromthe deaeration

chanber, as thhs al_l ! uﬁd§8§|o%nh dga%g?t£gg g%ggggtgg?F Pégcyc eved

using a sinple syrugpﬁ exanples Inc one whi ch

C|rculates t@§déhq gtsggaﬁ tgbg%n%ratemoggngr%fgggglggrggﬁ%nghgolIect air
rtiof o o]

bubbl es i A tha"cen Re“Gi'rcul att on udyancy

opposi ng t cent |fu force an then_r % th r bles fromthis
15 center 83???8n 5559a E@HFVFFugé sepgrgf%Faﬁgl §r§hnv§§g gus {hat

bubbl es b C|rcul ti,n uid_in the sa nechanlca

Mor eover , *FnP fﬂgla?gdgéFFoﬁ ﬁg?ﬁ68t6P“tHBaﬁP%§eﬁ¥d |nvgﬁff8ﬂ a?%%r%%éﬁlng
step (B) and the _deaeration step_(C y batch rocessi ng or
may be pe PBrﬁBﬂtlEBH?FnBBEsﬁﬁr & %hé?séga Egéﬁ %%?655 ﬂnp?gﬁééﬁﬁrkﬁ t hen,
one exanpl e therg is a nmethod in MEICh t he sog §n sIugry is Iaced and
seal ed i n&F88- a?88alBbVBLEBNEAYREA afd FhE P rEEORBEL FRgT €25 ?290“

per f or med heating this sealed container, and then, at e poj nt when the
soybean sFUgwyeFeQE%eEhﬁ BF@BEP@Pnﬂﬁéadelﬁ?%rﬂ%ﬁ?ﬁ?ElPBVEPaTEﬁEe+%ture, t he

deaeration ste is 2 2 JAN 2007 i9 ggrfornggea suctlonlng%out t he
n

interior 6fd Pﬁgch BRi h8F, 23aRd* St REFEAPPEF PhHE HhRedEFRBASIED to
further heat the soybean

( champer, a35 this allows an excellent deaeration effect to be

1C  achieved using a simple structure. Additional examples include
a fluid cyclone which circulates the liguid so as to generate
centrifugal force and collect air bukbles in the center
portion of the circulation due to the buoyancy opposing the
centrifugal force, and then removes the air bubbles from this

15 center portion; and a centrifugal separator which removes the
air bubbles by circulating the liquid in the same way using
mechanical power.

Morecver, in the production method of the present
invention, the heating step (B) and the deaeration step (C)

20 may be used for batch processing or may be performed
continucusly.

I1f they are used for batch processing, then, one example
thereof is a method in which the soybean slurry is placed and
sealed 1inside a sealable container and the first heating step

25 1s 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



slurry is perfornmed. It is possible to efficiently performthe heating step
5 (B) and the deaeration step (C using this type of batch processi

net hod, however, in order to nore efficiently performthese stégslA Mﬁhns
preferable that the heating step (B) and; the deaeration step (C) be
performed continuously. For exanple, the heating step (B) and the deaeration

step 10 (Crreanebe rgonrti-tueyshy perf ereednb¥rusingrathbecsntaifdeagraid on
apparatus in which a plurality of continuous type heating apparatuses are

connect ed tin@  ggkies aRd aCORY MUQUS ngt ¥Repdeaerati Qarappat atHs ssywsmavi ded
between each heating apparatus, and by continuously circulating soybean

slurry 15gthreyghst bies rappar@atus. It is not necessary that only one
continuous typé deaeration apparatus be provided between the heating

appar at uses a”@t'&s ?o@%&%ﬂ%‘%ot%f&ﬁ%&bﬂ%l%“@e?&oﬂﬁr@hebﬁéMEEH%h§@% pNg
appar at uses. is also preferable that ot steps such as the separation

step and the %anqhegd% 80221820 BLSqcpertangedngant {puous! o tbnt he heat | ng

step (B) and t he deaeratlon step ( are being perforned continuously. By
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For example, the heating step (B} and the deaeration step
10 (C) can be continuously performed by using a thermal
deaeration apparatus in which a plurality of continuous type
heating apparatuses are connected in series and a continuous
type deaeration apparatus 1s provided between each heating
apparatus, and by continuously circulating soybean slurry
15 through this apparatus. It is nct necessary that only one
continuous type deaeration apparatus be provided between the
heating apparatuses and it 1s 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 alsoc performed continuocously if the heating step (B} and the
deaeration step (C) are being performed continucusly.

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 inventicn. It 1s preferable that this apparatus 1 is



The thermal deaeration apparatus 1 is provided with a first heating
apparatus 10 for raising the tenperature of the 5 soybean slurry,.to a
predeterm ned internedi ate tenperature; a deaeration apparatus 2 ZEJAN 2007
deaerating the soybean slurry once it has reached the internediate
tenperature in the first heating apparatus 10; and a second heati ng

appar at us .30 of, i@@la%ﬂi%sérﬂi HORNR! depatwnatien chy tugkhatiBgating the

10 soybean slurry once i1t en deaerated in the deaeration apparatus

20. The thersml deags ad @&La:%n%iin%o%'sﬁgfuramvief%%qc%m1ya soybean

slurry storage tank 2 in I ch the soybeans sfurry is stored before it is

heated. The sovhean mlpfidy ddsl de ) soba-aeviean ol Bty skaragentank 2 1s

fed into a feed pipe I'rst ating apparatus 10 by a netering

feed p“”pf%%ﬁt A G;gfg1 JF§§§§L1§'F%rsg%gﬁgﬂgsk%%r¥eh§%ﬁa€h&%“£@t?ﬁei”

turn through the dea I'on apparatus 2 he secon eating apparatus

30. 20 The fj ' h ' 30
5 eSoa}b\l;ﬁsa%ﬁh%e_Lq}rj .t@%a@eﬁe&%%ﬁxﬁ%%dt lgﬁa%@%ﬁqﬁ@ga@eag%gee%atgs

are equi ppe f'eed “pi pes throu iC heé s ean~slurry

Continuou%é@é?&ﬂ?&ﬁﬂ%ﬁi?f%t E?%ﬁ%%u‘?%%%&%E#ﬁgst%%.%ggPégnvgﬁu%?gﬁgﬂgggh

tenperature steamis n e Ssoypean s ry circulating t the

feed pipes., 1l 5 32, .and fee 1 far .feeding. soybean

slurry inﬁg'taé ﬁ%%gﬁ5¥%é§mifrgﬁ%mggﬂgiﬁeigsgggg%ngiék ggésgﬁ%g%to feed

soybean slurry at an %ptionqk)jIOM/rate into,?2 %.JAN Zggzaagé 5pefgged pi pes
e

12" and 32 57 TRE ARPSE AR Mg spParfatis Ll BRa T He 2BEE5A ati ng

apparatuscﬁg%pf%%qngot%%gﬂﬂgggﬁ%l?%%%%%ﬂration 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 scoybean slurry then circulates in turn
through the deaeration apparatus 20 and the seccnd 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 intc the feed pipes 12 and 32. Therefore, it is

possible to feed soybean slurry at an optional flow rate into



slurry circulating through the feed pipes 12 and 32 by directly m xing
steaminto it. Steamis supplied to the steam5 feed apparatuses 13 and 33
froma steamsupply unit 100 via branch pipes 110 and 120. The i dAWnliléed
apparatuses 13 and 33 are not limted pgpvided they are capable of directly
feeding steamto the feed pipes 12 and 32, and it is also possible for a

check val v& 01t dehe 4 ke 10, e provided 50 dihat e rSoupean  1Qcsluihyadges

not flowinto the steam feed pipes 13 and 33. The steam supply rate can be

control| eqi%y s%rmrl%a{@i% f]at;!;;f%eaat‘e{féazéﬁ);n]a%idh%%d hje%;c- tyl% @%%%E%i on

appar at us IS equi pped w ( anber 21 for tenporarily

air Rgh he AR S %ﬂéﬁ&?%ﬁ%ﬁ*@% dos YAt La:&%it asYout the air
R RS S R AR
"5 conestad t SERA I 11 oth atat VarBP s e e NG P NAC "R e 10Png e dot

hain |i h h fl f t d to dri th i 23.
FR T R i M R PR S
d ti h 21 s, i t.. with th 2 ir,. th f it
D of e abl 8 TEnAE & e SOy TR SOy Tt s BEER Rented By othe FEPSEPReati ng

t 0 i.nt uch t ith th i, i bl.e.wh it
e e TR0 B e ST L Mo S ROPR LR
end of th% th%%‘f]( ina e 3 thq:thei %iq(%nr}%ctbed to t.he deaert%taiton chanbgr 21

( ‘ ve or e provided sc the soybean
10 slurry dcoes not flcw into the steam feed pipes 13 and 33. The
steam supply rate can be controlled by pressure regulating

valves 111 and 121.
The deaeration apparatus 20 1s equipped with a deaeration
chamber 21 for temporarily holding the soybean slurry and a
15 suction apparatus for suctioning out the air in the deaeration
chamber 21. An ejector 23 that suctions out the air using the
dynamic pressure of a water jet, or a commeonly known vacuum
pump, or the like may be used as the suction apparatus. Note
that, in Fig. 1, the symbol 24 indicates a water pipe and the
20 end 25 of the water pipe 1s connected to an unillustrated
water source. Note that the single dot chain line shown here
shews the flow of water used te drive the ejector 23.
It 1s 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



fromthe first heating apparatus 10 is connected in a manner in which it
runs along the inner wall surface of the 5 deaeration chanber 21, the
soybean slurry that flows into the deaeration chanber 21 is d'?%%ﬁf@ﬁ

i nside the deaeration chanber 21 al ong #zhe inner wall surface, resu ng in
a large area being in contact wth the air. Oher exanples include a

net hod i niwRChhkhe seyheanslcduziyelrs 2iade ko ekhayi by 0Ft BRe 1@nH0pf 0fhé he
i nside of the deaeration chanber 21 in a thin film along the inner wall

surface ofethepdeaeratign Ghamehe2tcdatomhBodebBrWhi6h ERemseybgan slurry
falls like a curtain from the top of the inside of the deaeration chanber

21; a nethedy kReWHiGR ot e sqnBeappakttiy fial ks kBnAacptupalhty @hnhépes from
15 the top of the inside of thé deaeration chanber 21; and a nethod in

whi ch the;goyhean shurfiydf alilos ol Rydr 9RLEYS wallQWeYeEace WBENLLBE Vi scosity of
t he soybean slurry is high, thére is no need for the surface area of the

soybean SBBE%%%E‘% ic%airr[l;berc@ﬂt,agne%EE‘bEegﬂ 35(2{{%2“,256§°f4?‘599i“99dt*é I's

sufficient | e soybean slurry 1s”sinpl to ow I nto the

deaeratio 21, th f; I I ratin ean slurr
usi ng theBF%g?%gﬁgaeggfggggggépggrg#ﬁgn%a&gblXH%&? eaﬁéeggé?ﬁgg?¥25 Thz o

b 2. [ ted
i ough t RB-TBEA b6 £2C0f Ena F Lt ol Rost g ahpar Al e 18 by Ene” nifori ng

fuel pump.il, SLoam ysed 2.2 1AN.2007yc23:Lor sbeaLi Dgagsr bLownctrgm L he

st eam suppl'y “apparat us nto the soybean slurry 1nsi pr pe 12
Fhereby h%@&hgg Eﬂewhich the scybean slurry is made to flow from the

{
| i0 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 dezeration chamber Z7]1; a method
in which the scybean 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 cf the scoybean 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 1l1. Steam used



soybean slurry to an internedi ate tenperature. The tenperature and pressure
of the soybean slurry can each be confirmed using 5 a tenperaturqzﬁﬁyﬁﬁ 5
and pressure gauge 4, respectively. Moreover, the tenperature of e
soybean slurry can be adjusted by increasing or decreasing the anount of
steam by adjusting the anount of the opening of the pressure regulating

val ve 111 rofr the tSteamssupphy Wich 10Q. st@akheuppybeappakutny thRatnbas been
heated to the internediate tenperature is fed to the deaeration apparatus

20 throughet ke free pRe 3 andildows e Heedt epdeaer ahkeabghagbeing2inef the
deaeration apparatus 20. The air inside the deaeration chanber 21 iIs

suct i oned shy Hche, @j18GHQr +23 aho ideRrASIEIL2I RmbBeakOkeri PheOfetperdeaesati on
chanber 21 and deaerating the soybean slurry. The pressure inside the

deaer at i opneharRels 2L ¢anche MRYHaned 1uei-pg hRecREBSBHN Bonfakded28sand, in
addition, the pressure inside the deaerati on chanber 21 can be controlled

usi ng 4 he ;vacupm breaker; 44e5uch 120 irhak the gangasur e -Lagkde; yBg deaerati on
chanber 21 does not becone too |ow. During the deaeration, the val ues shown

by the {paRRLALYE (GRUGE P3R4 e Jfremper abYbeaHadge - fyatenchesel y
observed, and the extent of the suction is controlled such that the

differenC§d5Bs&%@p%%aﬁ%k%eQ%HW%ﬁ%rt@%c&@EEEFﬁigﬁeaﬁgoaﬁttgf QuLLftpgi de of

t he deaeration chanber 21, nanely, the différence 1 n tenperature before and

after deagpalls@R i tfe RLEARLELH g%%e\égleH?chZo% AN érQQZsu?é ir@gu%ﬁfpﬁ n

slurry that "has pdassed through th aerati on chanb 21 arrivés at the

second hegling 3ARALAL 4638 ekhd WiBply unit 100,

i
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 2Z0. 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 deaeraticn, the values shown by the
temperature gauge 5 and the temperature gauge 7 are closely
cbserved, 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.



feed pipe 6. In the sanme way as in the first heating apparatus in the
second heating apparatus 30, the soybean slurry is 5 fed to the Z%Sﬂggwﬁe 32
by the feed punp 31 and steamused for heating is blown fromth

supply apparatus 33 into the soybean slyurry inside the feed pipe 32,
thereby further heating the soybean slurry. The tenperature of the soybeans

slurry at thisrpei BbyeaRnbgicenti rABd UskngatbedtenpenaghutBe l@cgatigeich The
soybean slurry can also be controlled using the pressure gauge 9 and the

back pressupgbeegghati-ng ual ¥e 98eS@echbiat hbhtisghegbedatosazpoirnd twhere it
does not boil. The soybean slurry that has conpleted thermal denaturation

in the seegpd peaki &g @HpeﬁétE§m§0w8§nagelHS@ﬁe é§ré@rhy§£&9@sa§59&9§§§d
soybean food products such as silk tofu, cotton tofu, secondary tofu

product s %CM@}SBB@ %@cb%uhéegmgr bg]gat:gé V&I i Oy Qépséaﬁygférpg is

processed t 6f u rinks such as s ., soybean casein (yuba), freeze
dried 4 of yoqap §§db fe_EBESCRROCESSEMSOYDERN. lodunt s are
not 20 |IE$?€ Eb 8éhcts fo& Euﬁaﬁ consuﬁgt?on ﬁﬂ usoy bean

slurry ”axegﬁlHaegs'Bléﬂh”?E &e§ﬂea§t@@hlsu%ﬁf%’aﬁqgfé%?g ﬁ?dﬁﬁth itde

thermal deaeratron apparatus 1 in the abov be descri ed Fi gs.

2 and 3 shgypcext ¢5 08, vi aus qof t%h%eang9pyr§@t s.oLe e savbeap slurry 25
ea S n

t her mal ation app ratus of the pre i nvention Ig. 2 or Fig. 3,

the same 98§EEEQB@K% anngég ?Zﬁ9§807Th§5EEH e}aéﬁgeuéfdtﬂgr s& ﬁ s that

are conmmon to ed descripti reof i's

i”;?ged- ReLe Lhat. ch9sFhgint2cQh EEgcoﬁfiPHéda¢élﬁ§etﬁée€88£§r§P£MQ in Fig.
| 10 gauge 8. The soykean 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 nct 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 tefu,
cotton tofu, secondary tofu products such as fried tofu and
dried tofu, various other types of processed tofu, drinks such
as scy 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 consumptiocn, and the
socybean slurry may be used in animal feed as well.
Next, specific modes cf 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 ccmmon to Fig. 1 and



illustrated and the illustration of a portion of the elenents has been
omtted. 51In Fig. 2, the first heating apparatus 10, the deaeration
apparatus 20, and the second deaeration apparatus 30 are each f2xXefiN A(7a
common frame 200. In the first heating agparatus 10, the feed pipe 12 is
formed fromsanitary pipe made from2 inch stainless steel. 10 This type of

feed pipe;ldets; pE@viided, i Bt B RhEPE, 2005 | ok A CONF I @A atd 1oy COfpraigi Ng a
series of suitable turns th the aimof reducing the surface area of the

instal | atpop and the phpe,ult i gBt gl ¥nleadsst Q. e, deagr af i gn. appar atus 20.
The second heating apparatus 30 is connected downstream 15 fromthe

deaer ati o a tk i t rat us
30 is par?3ggF§??§g§i%??ngﬁfvgslﬁé%§§§?&fﬁ9§H%qgéﬁéi ﬁggﬁﬁﬁgi%%%gﬁggﬁs 30,

in the sa i e first heating apparatus 10, the feed pipe 32 is
provi ded aﬁ?hﬂgﬁgf?T%g%%Q'pipes 34 (2 inch pipe) and these 20 rectilinear

pi pes o(for exappl g, ?’4%,2#1‘??%9}”599 £Pir‘i£fa5;{%[e‘§ts%§%i”c G d gyrat on

that Conprises a sefies urns. r eov eamf eed apparatus 33 is

connected_to_a_, turning_pip 5 t he,bott om end of e f i pe 32 and
the di anet?@ a%‘?tlf?leﬂ?Ur%’?%gg%%pagég%di%ea e}s‘:‘lltgln%rbl Ef%pebj'leaktsurrsal er£r§§atcﬁ]an t he
di aneter of the rectilinearfg%ﬁgs%§§. In Fig, 2, the dianeter of each

n e

turning p b§e§5t?salﬁo%%?nl ane way, the dianeter of the turning pipes
(L1 2.2 JAN 2007, o 2ocPEarL e 26), BpdDEeiP AL oL M las pps 3 1
formed from sanitary pipe made from 2 inch stainless steel.
10 This type of feed pipe 12 is preovided 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 caonnected downstream
15 frem the deaeration apparatus 20 and the structure of this
second heating apparatus 30 i1s particularly distinctive.
Namely, in the seccnd 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 cf turns.
Morecver, 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



10 my. Thus, in the second heating apparatus 30 shown in Fig. 2, 5 because
the soybean slurry passes alternately through a large dianeter .r j:h%gl near
pipe (2 inch - for exanple, 36) and a snall diameter turning pizgﬁ’% 0m
for exanple, 35 36), the soybean slurry,flows in a vigorously stirred
state resulting in the protein contained in the soybean slurry being

uni f orm yl%i%emh%%é 1(_'ad3 @ndﬁﬂf@ﬁengc b%e[hnqefoifdt%'e %fefe%cﬁarifp%l LB@efifsi nakl y,oft ained

product . dat,” 1'n IS cas¥€, e soybean slu Fowng~1in a piston
flow In the a r at sh in Fig. 3 1, in,ithe _sa y~,as.in Fig.
2, the first Sh"%@ta%eﬁg%}ﬁpna%\g?eus&ﬁﬁn%ne’i hogsct\aﬁ%e rgftfgllgiega.sr ggp\sé@dggi gﬁéa'i n

t he sane vay a% the second heating apparatus 30 as a conbination of |arge
di aneter rec i'near pipes (2.5 inch) and snall diameter turning pipes (1

inch). According to this,t f duct i thod f beans, _. b
e Ueaer at1 on SEED (0) Wi TEOV i A HEGrPRRaBOLSs o0 HReb ] REB (Re

soybe slurry is perforned partway through the heati.n te B), .the
soybegﬂ s 5% HEats d/rge tsf%e‘f%%l%rpé-'sst ea\Elit§E8§i%ﬁ}y?§?‘lr8§/géné tREYSIr
bubbl es m xed into the . soybean sl ur Y can be easily r rmvgg Mor eover ,

par t way I HE Hedti i Sty Bg, e t_hélpﬁale%éw ur 467 oA"Hag not 25
pr ogressed t% far and the odor of the soybean slurr as rg t g en_absor bed
to any | argéldxeimahph i oy dt B ot ﬁ‘.”" %ﬁ’é"r @F"G‘%@ S ghe3 gaeFQFi on
step (C) is performed partway 2 2 JAN 2007 27 through the heating,step (B)
it s pSSsPsES 53 W Gl YT rentVER HONE td S e SRE S0y BERATIMErry.

Accordingly, it is ‘ , , . .
in the protein contained in the scybean slurry being uniformly
{

10 heated and having a beneficial effect on the finally obtained
product. Nate 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 deaeratiocn step (C) for removing the air bubbles

20 mixed into the soybean slurry is performed partway through the
heating step (B), the scybean slurry is heated and therefore
the viscosity is low and the air bubbles mixed into the
soybean slurry can be easily removed. Mcreover, 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



possi ble to obtain an excell ent deodorizing effect that has been
unobt ai nabl e in the conventional nethods in which the 5 deaeration step (O
is perforned either before or after the heating step (B). Furt»pﬁmﬁgﬁ, by
perform ng the heating step (B) and the ,feaeration step (C) continuously,

t he processed soybean food products can be produced nore efficiently. 10
Mor eover, fqQr.m t.he ratiQn ep ( . €. . .paknpt .i
gYheatingt@%SES?Bgh%%gﬁﬁyﬁgﬂggﬁﬁghﬁE@Vuﬁﬁyqfsg%ﬁgapag FSH%E?%EE?8£?gnge of
75 to 125C__an re eferably, he t ratu r f. 75,t9,.100C, it
is possiblr’éemfjgcei nggéfgcﬁrtI§m§§§fé§ﬁyéﬁgpr§q%%F?é %ggﬁ?ﬁgggg¥y ?Ft??e
energy. 15 In.addition, by renovi t.he . air. bubbl es whil depres i zing

t he soybegﬁsgﬁgﬁFy391qqﬁ%%%é%}a?%%&lgpgpdﬁeforéﬁ&ﬁgtﬁgggfﬁe%ﬁgﬁpggéture of
t he soybean slurry_ decreases b at_ | east .3C qr e, it is sipble to

obt ai n anggfgePPgﬁﬁa%ﬂg eeéffb%ngffggﬁeﬁéﬁﬁaaﬁiPg?eogﬁe%aywhggﬁth?her,
becau this type of ther deaer ati on apparatu i S provided wwth a
first%ﬁeagfﬁﬁrégﬁ&ﬁafﬁfpig%boﬁs ﬁﬁﬁﬁoﬁgthgl?gﬁﬁeﬁg%ﬁfg of ?ﬁge§o§%gan
slurry to _a Erede%erni d internmedi ate tenperature; a deaeration apparatus
20 for deBEP&ETHgSHH® '&ibean slurry once it has reached the 25 internediate
tenperature in_the first heating apparatus, 10; nd a seco heat i

appar at us 30 fBPr&@ﬁﬁW&Pﬁhg%ﬁhé%Fﬁgfﬁépg &@ﬁapﬁﬁgﬁPSnsgﬁprggh@Pdhgg?ing t he
soybean slurr¥ once it has 2 2 JAN 2007 . 28 geen deaerated in the_deageration
appar at us 9888t fRéd °foyi&dh {CI GV iNYCHEdYed 6 RACSBEFEPr FaYBEABgF 88%and it

i s possible
[ P 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 1s 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 ccmpleting the thermal

denaturation by further heating the soybean slurry once it has



to deaerate the soybean slurry at an ideal time before the thernmal
denaturation and to obtain a soybean slurry in which 5 the odor E?tA 0
suppressed. Accordingly, it is possible to continuously and eff 4&%19
thermal | y deaerate the soybean slurry angl to renove even minute air bubbles
using a sinple structure nore effectively than when the deaeration

appar at us pdeh, Rf A8d Upst raam dd QN f I3 f18ald B9, appar abysean than 10
when the deaeration apparatus is provided downstreamfromthe “second

heating apparatus,s e SUbsequent, 4e0der iwdide ahlest ks PRskipie

remar kabl e. Moreover, by using the deaeration apparatus 20 that is equi pped

Wi th the ctecaﬁfeaatéz%ecwegoﬁe;rprsmmpra@ Iy 112210k diRgpLRe g0¥Rean slurry

and the suction apparatus f suctioni'ng out the air 1n the deaeration

chamber 2Lpdind1s qgSsl e dip G n 0 108 Lepiocdenenatbon g Uigknusi ng a

si npl e appar at us. present 1 nvention is I bed I n detal

bel ow Siqgme%%ﬁﬂphgfﬁiﬁﬁ¥€%%¥é%'1%§§§§?§%%l§hu&%yi@a§§E§§éEglkz'deaerated

usi ng the soybean r mal ti*on "appar at wn in Figs. 1

d 2 25 d i | T d i i i | ow.
an cto% R oglcsgtdﬁ E%nrgo fekfpf e ChCel \%rl?/ Lé%lergl% S}rI?I[ %‘% eil,%g‘.g LR 89 %)\éﬁﬁf ? g ow

(1) Immersion ste merican -so orte sui & 22

gAN ZQO7 .8 %rgo'gdé(ﬁ# ngé%éwgwgypﬁ%%f%ugh%db%&%l%@eﬂswﬁaean%Q%pﬁg svel |
y being immersed in owi ng water for hour s.

structure more effectively than when the deaeration apparatus
is provided upstream from the first heating apparatus or than

10 when the deaeration apparatus 1is provided downstream from the
second heating apparatus, and the subsequent deodorizing
effect is most remarkakle.

Moreover, by using the deaeration apparatus 20 that is

equipped with the deaeration chamber 21 for temporarily

15 holding the soybean slurry and the suction apparatus for
suctioning out the air in the deaeration chamber 21, it is
possible to obtain an excellent deaeration effect using a
simple apparatus.
Examples

20 The present invention is 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: imperted by Mitsui &



(2) Ginding step The swol |l en soybeans obtained in the imrersion step were
5 supplied together with 170 kg of water to a grinder (manufactured by
Nagasawa Ki kai Seisakusho Co., Ltd.) and the soybeans were grodridiAdio)jg7hat
approxi mately 220 kg of soybean slurry {4.e. raw soy) was obtained. (3)
Ther mal deaeration step 10 The soybean slurry (raw soy) obtained in the
grinding cateppure Clidid alad oo e d Beumah, feaghal Lageapgasatyy 1
shown in Fig. fﬂ and a heating step an& a deaeration step were perforned

under the@gg@g@%gnﬁ&@é& e AoyAn el Fhganpelyry (raw soy) was

stored in an slurr 15 storage tank shown in Fig. 1 at a

Lemper at g of HAGo e s, then cf roulated Lirough the first heating
(he temperatur guunside e LU gaL oot aoparatus Lndieated Dlothece
neal e, souhepn Sl uas ] o o he  degeration oparatys o and the
deaeralon, Shamher. A1 v LHSh SUOU 000 UL 50 AL e svBeanysiytry vas

ly, th t fter. deaerati 65C, . gLy t
0 11 of enc CHBFONG At SaFEel et a1 0n S0P L CBEI B 40TEP XPne pPBSRRPE | nsi de

t he deaera;ion chamber 21 2 2 JAN 20?7 .30 (which value was indicated by the
pressure GalgeY2ey -& hi"s St A6 1678 MPa. These val ues are shown in

Table 1. (3) Thermal deaeraticn step
| 10 The soybean slurry (raw soy) obtained in the grinding
step was circulated through the thermal deaeration apparatus 1
shown in Fig. 1, and a heating step and a deaeration step were
performed under the operating conditions given below.
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
20 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 sucticned 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



After conpleting the deaeration in the deaeration apparatus 20, the soybean
slurry was circulated at the second S heating tenperature and was heated to
a final tenperature of 100C (the value of the tenperature indi HéAN H§7 second
heating apparatus indicated by the tenpgrature gauge 8) over a period of 5
m nutes 30 seconds. It was then held at this tenperature. The soybean

slurty vas,hhug gedetated andithectnelnehe10, denptralion ves sonpl el ed

(4) Separation st he soy ean sturr cooked soy Ined in t her mal

deaer atiop ﬁE99a§650'6?%g hel ¥nsgmaranadsi ot gﬁ{@%'fna?9b1é01'd pul p

(okara) using a press actured by Arai kosho (Aral ITron Wrks

Co., Ltd.)) angffgglggmﬁgegh ! tgepﬁgég %bx 130 kg géaépng$%@6(b

obt ai ned. The so onén ai ned so mI

wei ght) estin rf r h oybean
slurry u5|§gggéguévgp’agpgﬁgngﬁ g gﬁgégg %gg & gt fﬁ ﬁin and

Women bet egglﬁhetggﬁgrggu%g a%ﬁ wag h % dngnbgr%9£a£h§e£ Q?%t§¥ %ﬁted the
t est sanp e usi'A e four | evel s glven | W, e avera

panellsts aken he, eval uati 0 0|n s for est. S |l e

wer e caIcuPated ﬁ poP§F§ E 6%8thQE?5g§ug IR ﬁ%% th%lg C%%énte?%gl nable

Lo ! LghLs SPYReNR8OLL 2 DOLRLS - BRIBYPE! o HPL o850 L 351 (31 OnO

of 5 minutes 30 seconds. It was then held at this temperature.
The soybean slurry was thus deaerated and the thermal
10 denaturation was completed.
(4) Separation step
The soybean slurry (cooked soy) cbtained in the thermal
deaeration step was immediately separated intoc soymilk and
sclid pulp (okara) using a press (manufactured by Arai
15 Tekkosho (Arai Iron Works Co., Ltd.})) and cooled so that
approximately 190 kg of scymilk was obtained. The solid
component of the obtained soymilk was 13.0% (by weight).
Sensory testing was performed on the taste of the
obtained soybean slurry using the evaluation method given
20 below by a panel of 20 men and women between the ages of 20
and 40.
Each member of the panel evaluated the test sample using
the four levels given below, the average of all the panelists
was then taken and the evaluation points for each test sample

25 were calculated.

0 points — good taste



3 points -> bad taste (soybean odor too strong for 5 use as a drink) The
cal cul at ed eval uation points were then divided again into four |evels
indicated by X, A 0, and J. less than 0.5 points 0 -* 0.5 poi Q?SJA(NI’Z qyore -
|l ess than 1.5 points 10 A -* 1.5 pointsypr nore - less than 2. poirq s X
-> 2.5 points or nore - less than 3.0 points The evaluation results are
shown in Table 1. anples 2 to 9) T i nter i_at. e r i.,e. the
val ue indi cat edI’LbEflélEﬁ% t he _t)errplgeraa Ounragjeléealr}ggt%;aqv?gsl%g‘hta%ggggé ?ﬁg{)t he
tenperature difference before and after deaeration and the pressure in the
deaeration chambepoiit®e. the vaueihidi ¢aPdgabpnthé aftesd§iteongadqebes8y, and
the final tenperature (i.e. the value indicated by the tenperature gauge B)
becane t he val ues shown in Tabl&eid¥) 1. OGther than this, the soym |k was
produced and evaluated in the sanme way as in Exanple 1. The eval uation

results are showpdmdable 4. {Lompanat iwe Bxamlicl) ths thechhersa!
deaerati on apparatus, the deaeration 25 apparatus 20, the first "heating

apparatus 10, and the second 2 2 ) 20Q7 4 heati ng apparatus 30 were
connectged in that sequence and,L?S otA%er t%hér?%?he connecti on sequence being

different, the sanme ance I in FExaml :g%q d
thermal deaerati onc%%#pglfaiat us év\\/é%f%%%l tfbg?loedﬂce soyn}ﬁrﬁ. he Eg]gta?i%%d 5
soym Ik ves, evalyal e |0} £ g, SAIP. 28%, 25| AR RP! nd T

© - less than 0.5 points

O - 0.5 points or more - less than 1.5 points
10 A - 1.5 points or more - less than 2.5 points
X — 2.5 points or more - less than 3.0 points

The evaluation results are shown in Table 1.
(Examples 2 to 9)
The intermediate temperature (i.e. the value indicated by
15 the temperature gauge 5) was changed so that the temperature
difference before and after deaeration and the pressure in the
deaeration chamber (i.e. the value indicated by the pressure
gauge 26), and the final temperature (i.e. the value indicated
by the temperature gauge 8) became the wvalues shown in Table
20 1. Other than this, the soymilk was produced and evaluated in
the same way as in Example 1.
The evaluation results are shewn in Table 1.
(Comparative Example 1}
As the thermal deaeration apparatus, the deaeraticn

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



eval uation results are shown in Table 2. Note that, the tenperature of the
soybean slurry before and after deaeration, the pressure inside the
deaeration chanber, the internediate tenperature, and the final Z1&N 207
tenperature in this case are also shown 4gon Table 2. (Conparative Exanple 2)
As the thermal deaeration apparatus, the first heating apparatus 10, the

second hegLLRgngp 03pand rthecnfeaeeat i QN RRPacaLysn<P akde connect ed
in that seéﬁe%gg E%E?E%Eugtﬁer tﬁan ?ﬁg connecti%n sequgncg bei ng different,

the sane ,sybstances as WRLE.HSEE 3 @H@gebéli@eddw?e%ﬂa thes NBme

deaeration apparatus was used to produce soym The obtained soym |k was

eval uat ed 0 LR SaTE Ry 85, LB ATBLE ] o Theo 8VhUaLLOD Epsilde are shown

in Tabl e the I'nt é&rmédi at e t enper at ur e,

femper af uigs oL e, LETIBLALUL 8 0L Lha 3@y bean shurLyobetere apdl Al e

deaer ati on, an ssure”insid eration in IS case are

Prossit o TRYTAT Rf 8FEnz8a BRARRI 601 KB RBUFalSY a1 b GBABhATT on Al  Nunber

tenmperature_| C], deaerati before, _and cha tenmperature [C] Eval uation

af ter !C?vﬁLQ%Fé??oﬁeﬁpﬁgéafrﬁxﬁﬂﬁwg in7gggg65§l0.076 100 0 Exanple 2 75

70 5 -0.071 10809e that, the temperature of the soybean slurry before
and after deaeration, the pressure inside the deaeration
chamber, the intermediate temperature, and the final

10 temperature in this case are also shown in Table 2.
(Cocmparative Example 2)

As the thermal deaeration apparatus, the first heating
apparatus 10, the second heating apparatus 30, and the
deaeration apparatus 20 were connected in that sequence and,

15 other than the connection sequence being different, the same
substances as were used in Example 1 and the same thermal
deaeration apparatus was used to produce soymilk. The obtained
soymilk was evaluated in the same way as in Example 1. The
evaluation results are shown in Table 3.

20 Note that, the intermediate temperature, the final
temperature, the temperature of the soybean slurry before and

after deaeration, and the pressure inside the deaeration

chamber in this case are also shown in Table 3.



Exanple 3 80 75 5 -0.064 100 O Exanple 4 85 80 5 -0.055 100 O Exanple 5 90
85 5 -0.045 100 O Exanple 6 94 89 5 -0.035 100 O Exanple 7 95 90 5 -0.033
100 O Exanple 8 100 92 8 -0.028 100 O Exanple 9 105 95 10 - 0.2020AN.&7 CO
Tabl e 2 Conparative Tenperature Tenperatuge Pressure in Internediate Final

before after deaeration Exanple tenperature tenperature Eval uation

Nu

nber

deaeration deaeration chanber [C] [(] ~ &G [(MPa] Conparative 22 22 -0.050 85
100 X Exanple 1 5 Table 3 Conparative Internediate Final Tenperature

Tenper at ur e (Pressurme—TnExanp BB EENPET ature bef ore gfter
deaeration gval uatijon Nunber enEr er gtk Riesawriag i on C chapber
Conpar at i ve |85amg0 | 90n@Bediale 050 Her Exjanps,e aﬁj deaeratien ear Fifodm Tphkes,,l
each test sanpimdepr daweretdre [Ch| teperaiédn anpl efr Nad) ahambert elempessied”d han t he
sanpl es of |the conparative exanffles. | Anpag dch séPat he test sanple who
I nt er medi at € ﬁa‘xﬁ{;ﬁlﬁ' atur gy Was Set LU 7 OF NOTE ffage a| pangd curgr iy go
taste. Mored ef—the Hatereg-ate—t ﬁﬁcf“%?y v 5?6 wthtn=tt
of 80C or nOEETPER, evz Hat+or—y s—r'~‘rt:§'u'.ﬂr!y—'cp'1 h- 0 O
Example 3 8 75 5 -0.06 100 ©
Example 4 85 80 5 -0.055 100 ©
Example 5 80 85 5 -0.045 100 ©
Example 6 94 89 5 -0.035 100 ©
Example 7 95 90 5 -0.033 100 ©)
Exampie 8 100 92 8 0.028 100 ©
Example 9 105 95 10 -0.020 100 ©
Table 2
Comparative Temperalure | Temperature Pressurg in 1nlermediate. Final
Example beforg aﬂer_ deaeration temperature | temperaiure | Evaluation
Number deaeration | deaeration chamber C] °C]
Comparative o~ L —
ExaFr)nple ; 22 22 0050 85 100 X
5 Table 3
Comparative | Intermediate Final Temperature | Temperature Pressure in
Example {iemperature | temperature before after deaeration | Evaluation-
Number {°C) [°C] deaeration [°C] | deaeration [°C] | chamber [MPa]
Comparative
Exa[r)np1e ) 85 100 90 85 -0.050 X

As 1s clear from Tables 1 to 3,

in the examples had a better taste than the test samples of

the comparative examples.

10

Among these,

particularly good taste. Moreover,

the test sample whose

intermediate temperature was set to 75°C or more had a

when the intermedilate

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

evaluation was particularly high.

BAs a result,

[I\J’Pa

to 3,
t est
se 10
od
range

each test sample produced

it was determined that a far higher quality



As a result, it was determned that a far higher quality 22 JAN 2007 34
processed soybean food product is obtained in the nethod of these exanples
than in the conventional technology shown in the conparative %QaMﬁuay.
Moreover, it was determned, in particutar, that the best results are
obt ai ned when the 5 deaeration step is perforned at the stage when the

soybean slMdysdLACHOPINE L8PS AT NaNgshofi Rl i rARthRIR hdd @ffer abl y,
80C in the heating step. Note that, although it is omtted here, various

gg;LZantAe{tﬁje@% Tér)l%%ﬁ%l%\%tn i%/I?{)inﬁs)ﬁfgﬁﬁﬁtﬁ%ﬁpgﬁe@cﬁrggx\%@%ﬁ yi,nltohe
enerati on Sondr o ond R T ke, s - suhet AT Tyt he o

L emper at url (e The VAT Ge T rh Sar st by | e G RRGr AT o Saue s) el ng set
e e L R e T e

temper al U165, oW1 T e, & sV o1, Sidd agd oy 40 desetation |evels vas

produced in same way as in obt al néd soym 'k was

eval uat ed | S i ﬁﬁgﬂgl e evaluation results are shown

in TableAffgéég?gﬁggtm¢%%a%}éggﬁre |n§ﬁb§nfﬁg deaeration chanber 21 (i.e.

the value indi e t he e re gauge, .26) he final 25 t erature

(i.e. the val uebpc?q'lned?cc}g te’dh%%la{%%g%?elﬁng%ag) Erflg&gefﬁg%g%) Vfaarrg%a Ss%esecg?vm in

Tabl e 4.
{

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 %4°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

2% temperature {(i.e. the value indicated by the temperature gauge

8) are also shown in Table 4.



2 2 JAN 2007 35 Table 4 Exanple Internedi ate Tenperature Tenperature

Pressure

t enperature Eval uation
Exanple 10 94 94 0 -0.020 100 L Exanpl

i n Final

Nunmber tenperature after difference before an
C deaeration C after deaeration C chanf

&4

ok el

19493 1-0,025 100 L Exanple 12

i on
C

94 92 2 -0.028 100 L Exanple 13 94 91 37-0.031 100 O Example 14 94 90 4

-0.033 100 O Exanple 15 94 89 5 -0.0

O Exanple 17 94 87 7 -0.041 100 O

Q0

%6 Feé

Ex&r}?%‘

O Exanple 16 94 88 6 -0.038 100
18 94 86 8 -0.043 100 O As is

cl ear fromTable—4—when the tenpet °tu]rﬂ di-H-erence—before r_anlaL fter
deaerati o Eampc OIMGREEE |t fraP ALE ¢ isegpeéwero ed” &1 'he | %%rf{a s J,pr dved
even mor e| whenpet hé EPEREE |at upE f; ffd%%?rg'ﬁ% PG a”%: gractn péurree:EL\ﬁ O L
was det er pired—that—tlHd bwesaer.'aié’gdhsa Erl,dgaera%i"g! L {gmbe, %Jb et Hod-lot—t-hese
exanpl es i R Yeaerdion cHAnberl is suttione %iigﬂprnsquE t mﬁégﬁ t he
t enper at up Bxa@ple 10 [t he%%oyhean %l urrly aftet deaerati®f%i s jat 1%8ast! 3 or
more, andEpmet &t abl y9C gr ndRe, liower than the teh§38ratjurel®herjeofd bafore
deaer at i onExaNgt €3 { hat 94 al tthough it |is omited here-0084ri ous tl@st vier e
per f or med| wainbBe VAl 1 ougs al tler atgpons [such as the typegmk 15 swgbedn, @he
grindi ng CeRALLTHPNS, §1e densiggy ofl the spybean; ST uidsy, t|he parf gr mayce or
ot herw ser gl hiigs FEPagAt T g StED 6 20038 100 ©

Example 17 94 87 7 -0.041 100 ©

Example 18 94 86 8 -0.043 100 ©

5

10

15

20

As is clear from Table 4,

before and after deaeration is 3°C or more,

improved and the taste is improved even more when the

temperature difference is 4°C or more.

As a result,

when the temperature difference

the taste is

it was determined that the best results are

obtained in the methed of these examples if the deaeration

chamber 1is 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,

before deaeration.

Note that,

although it is omitted here,

lower than the temperature thereof

various tests

were performed with various alteraticens such as the type of

soybean,

slurry,

the grinding conditions,

before heating,

however,

(Example

the deaeration conditions,

substantially the same results were obtained.

19)

the density cf the soybean
the performance cr otherwise of the separation step

and the like,

Cotton tofu was produced using soybean slurry obtained



before heating, the deaeration conditions, and the |ike, however,
substantially the same results were obtained. (Exanple 19) 20 gb%@a®7tofu
was produced using soybean slurry obtained 2 2 JAN 2007 36 u52 d

soybean slurry thermal deaeration appara ﬁs 1 shown in Figs. 1 and 3. The
production nmethod used is given bel ow % ) Imersion step 60 kg of American
soybeans (1 OM inported by Misui 5 Lt . d wer e
made to svaelfjrn%yt ei Sn%gb? 1) ?%%%IY%??%% ngd%\ah%e%t%{%%%ﬁc&sséq( f)%%%ﬁi ndi ng
step The swol Len_ soybeans, obtained in the i [ Si I | I ed

t oget her V\n“tjh{:%%' k% %?dv\%t lﬁrh? op%to%%(ftnl et J{%@}Orrdaﬁ‘{}feg%:?%r \é\%vgeyn %a%g%géwa

Ki kai Seiszr shgﬁgb.S‘Ltd. and the soybeans were ground so that

appr oxi mat 5 of " sdyHRan slurry (i.e. raw soy) was obtained. (3)

Ther mal deaeratjon step The soybean slurry W .S obt ai negd .in .t he
grinding 15 st e%(?\l\ﬁ% %?r%?%f%%“t%?%%%%n? h%l(ébﬁ'erlﬁng%gr eeac}e%’a}f ?%ntsélﬁpgr atus 1
shown i.n Fig. nd a heati te d a deaeratjon ste re erformed
under the %%E’r érrtr%g) c‘fﬁa‘?t‘i’%%ge%i?‘/rg%a%éefrbvye§o§rbaéléanr{sq lf’r“%llvﬁ?rbé’wbgeolyg was
stored in the soybean urr storagge t 2 shown in Fig. 1 at a

t enper at ur&0F " %‘%l tﬂ‘?‘ﬁl%%sw?%%ﬁ @?lf (a:ﬁ(aﬁ%‘ifst‘hr ough the first heating
appar at us %g and heated to an internediate tenperature of 94C (i.e. the

val ue indicht e By e Tefperature gauge 5) over a period of 4 ninutes 30

seconds. .
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

scybeans were ground so that approximately 620 kg of soybean
slurry {(i.e. raw soy) was obtained.
{3) Thermal deaeration step
The soybean slurry (raw scy; obtained in the grinding
15 step was circulated through the thermal deaeration apparatus 1
shpwn in Fig. 1, and a heating step and a deaeration step were
performed under the operatlng 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 seccnds.
The ejector 23 of the deaeration apparatus 20 was then
25 operated and the air inside the deaeration chamber 21 was

sucticned out so that the soybean slurry was deaerated. The

value indicated by the temperature gauge 7 at this time was



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 deaerated. The value indicated by the tenperature gﬁzgﬁ é[%t
this time was 2 2 JAN 2007 37 89C giving a tenperature differe % q re
and after deaeration of SC. Moreover, the pressure inside the deaeration

chamber 2hdec g 4ihe, \éa'tgg Wi Gt d: B tR8 cePLESSYEE 19RUEE€6) at this tine

was -0.035 MPa.” 5 After l eting the deaeration in the deaeration

appar at us d%%ertag,em%oxetfe%ncs.' Wd%d%sc,dtlh%u%%%@guir@ theisgcend heating

apparatus 30 and was heated from89C'to a final tenperature of 100C (the

val ue | ndlgaed ot e Lenerat ure . 0ahge 1) ,0venad aeelogyotnd mnut s S0

seconds. It was then at this tenperature. ) Separation step The

soybean Skl (copkedcson) ot aled dife! hiasheglbng wphep was immediately

separated i nto soy pul p okara) using a press (manufactured

by Arad Tekkos'A%)tea:”%o%%%%‘l'rfgdo%%% td@%ter%FEHBRXEHmﬁ!eyEggggEgigE% soym | k was

obtai ned. The solid conponén t he obtai ned soym’| (by

el ght) - (3 canaul aid on 3l ep ALLer 400 ko, Lhe souaiLic ues cogLed o 70

to 75C, calci um'sul fate nuf actured by Tom ta Pharmaceuti ca

L )t Do lp SRRSO, W YRS ER AR oL oo, gty of 7 0%
m nutes. temperature of 100°C (the value indicated by the temperature
gauge 9) over a period of 5 minutes 30 secpnds. It was then
10 held at this temperature.
{d) Separation step
The soybean slurry (ccoked soy} obtained in the heating
step was immediately separated into soymilk and solid pulp
(okara) using a press (manufactured by Arai Tekkosho) and

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

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

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

2 After the obtained coagulated substance had been lightly

25 broken down, it was moved to a die case and pressed for 20

minutes so that approximately 80 kg of tofu was obtained. This

tofu was then soaked in water and cooled, and was then cut so



2 After the obtained coagul ated substance had been lightly 25 broken down,
it was noved to a die case and pressed for 20 mnutes so that apﬁg%@knately
80 kg of tofu was obtained. This tofu was then soaked in matez J ol ed,
and was then cut so 2 2 JAN 2007 38 th% cotton tofu was obtai ned. The

wat er content of the cotton tofu was 8 %(by wei ght). (6) Evaluation of the

cotton Lol thedardness of tsh%boc%tﬁef&ed FELLARLOLU MRS CXEELLENL o Doyt | @

t he unpl easant Faw odor characteristic o soybeans was conpl etely absent

gi ving th%ogr og)gct 531 e>§)t remalﬁ};;1 fine taste. | NDUSTRI AL APPLI CABILITY As has
been descrl 5d'q ove tto t he soybean 10 production nmethod of the
pr esent n(vegnt |Eo causefthcgle ratl on. . step (C) for renoving air bubbles
m xed into the E&ﬁfﬁ‘e&ﬁ’ 519 urry i § per o &l partvvay t hrough the heating step

B), b b t Ly oyb |
nl t he. removal ™61 AT B te TR FALEC RE- E8PbyblaRos) BFPG e bhsy.

Mo t throygh the heat denat ur at |
nas not progressed S aéﬁt@%é”%trhg%sﬁaﬁ%fclﬁﬁé%8?@5?4%5?%??@5%3 have

been absor bed to any extent by the so rotein, Theref i f _the
deaer ati off°® gﬁt(eé)‘/ PESFET Gf dlgpér“tew\é ?Hi’:guaﬁ EKET5BhEa ilﬂa §¢8p°(B) |,
it is possible to efficiently renove the odor fromthe soybean slurry.
Accordingly, it is possible to obtain a high deodorization effect that is
not obtainable in the conventional Iret hodzﬁn whi t he deaeration process

is perfornmed either before of VR T Et A h & i qp‘r]?giusttqrgp

BAs has been described above, accerding to the soykean

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 1is being heated, the viscosity of the soybean
sturry 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, 1t is possible to
obtain a high deocdorization effect that is not obtainable in
the conventional methods 1n which the deaeration process is
performed either before or after the heating step.

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

products can be produced more efficiently.



25 Moreover, by performng the heating step (B) and the deaeration step (O
conti nuously, processed soybean food products can be produced nore
efficiently. 22 JAN 2007 39 Further, by performng the deaeratpqnpstigii (O
at the point in the heating step (B) t he soybean slurry has reached a
tenperature range of 75 to 125C, and préeterably, a tenperature range of 75

to 100G it is possify e to deasrat 5 fhe saxhean 5l utpy wetholitple waste

IS
of energy. Moreover, 'by -reénovi ng es whil'e preéessuri zing the

soybean sl urry i.n the deaer.ati tep.(C) s e_t rature of the
soybean spﬁﬁp¥ d@cF€§§e§a%ij§%g5%JA%Veykfp &%Qp%sg%g%g f%gggga?n an
excel l ent deaeration 10 effect using e pLocess

(B), by mikPAGSEhE SETBEHT ifr iy 81%) QH eronrai?rglg%/é"t h?]gbgﬁelﬁgr%éﬁgi anet er

B st BTG EOFor 2 hara Ty C8 A OPhG e Oybadn PR EePyS: SOsPPPPEa- Y5 t o0
hbove bt r bELPEYEE SBmleyad, TBeCalSE Hife VISR adn SBRARYy can be. constantly
Rppropr at o st IPRFRY < af G IR 196 ABEaPHSd DUsG L8 889G, | n particular, in
| arge. i ARETERObpes T AT RECE SLAEES y naridles HEPF ZF et SFEBL pos bent |

in a turning configuration, the flow rate of the circulating soybean slurry
changes afdChnthgéalt hg géwgﬁgature of the soybean slurry decfeases by

3°C or more, it is possible to obtain an excellent deaeration

10 effect using little energy.

In the heating process (B), by making the soybean slurry
flow alternately through large diameter pipes and small
diameter pipes, the soybean slurry can be vigorously mixed and
stirred. Morecover, generally, 1f the soybean slurry is stirred

15 too vigorously, it tends to become permeated with air bubbles,
however, if the above structure is employed, because the
soybean slurry can be constantly made to flow in a piston flow
through the inside of the pipes, the appropriate stirring
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 scoybean slurry is achieved. Therefore, the
characteristic effect is achieved that the protein element

contained in the soybean slurry is uniformly mixed.



25 mxing state of the soybean slurry is achieved. Therefore, the
characteristic effect is achieved that the protein elenent contained in the
soybean slurry is uniformy mxed. 2 2 JAN 2007 40 Further, byzhﬁ\ﬁtm@g t he
soybean slurry by blowing steam into it in the small dianmeter "pipes that
are bent in a turning configuration, thé% I ow rate of the soybean slurry is
rai sed, the dynam c pressure of the soybean slu ry is increased, the 5
action of suctiBHFEBtheb¥tB%ﬁ¥f%gth%es¥%%m?%%tT£H ?%ﬁ%¥r Tehed ®%8hd the
efficiency, of the steamfeeding.is inproved. In addition to this, an effect
of Stirri M the CsoyboaR STatT yotamBht Al REES N RbvaTS Hataude & & Ty of
thermal deaeration 10 apparatus is provided with a first heating apparatus
for raising” h%uféﬁb%?atEF% %Ovhéag%y%gahh%liﬁ¥ ‘ﬁQ)%}Uiﬁ%dﬁiégﬁﬁﬁﬁg
internedi ate tenperature; a deaeratjon apparatus for deaerating,the soybean
slurry once"§tCHAI™} BaRRBESER® ©OF ntR7 neaV a2 tBhperat it 1 8avE 4 ridte
heating apparatus; and a 15 second heating apparatus for conpleting the
thermaP d&hbier a®f oRUBY1P0E EhetReat ¢y thetRDybedd FUHISE diite it has

been deaerated in the deaeration apparatus, the soybean slurry is heated to
an appr opriafergeyeeedandftthe %Bgé$b‘?’éclfooﬁle%}é? at'eeahe aafiBEant Sl urry at
an ideal time before the 20 thermal denaturation and to obtain a soybean
slurry in WREhvedhelbddfdisiuppe eSRed: Mecoftbrdyl§f FhiikipbsEivle to
continuously and effectively thermally deaerate the soybean slurry and to
remove eveTP YRR eSARFrBubbl @3t a5 9Y- a sinple structure nore effectively

t han when the deaeration apparatus
Moreover, because this type of thermal deaeration

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 deaeraticn 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 oder 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 i1s provided downstream from the

second heating apparatus, and the subsequent deodcrizing



25 is provided upstreamfromthe first heating apparatus or than when the
deaeration apparatus is provided downstreamfromthe second heati
apparatus, and the subsequent deodorizing 2 2 JAN 1007 41 eff@gt“‘ﬂgn%st
remar kable. By alternately connecting |la ge di anet er pi pes and snal |

di aneter pipes to formthe feed pipe, the soybean slurry can be vigorously
m xed and stjirred. Moreover, generally, if the 5 soybean slurry is stirred
t oo vi gor SFC i Bubbl €S HE P ifener at ed, however, if this structure is
enpl oyed, because the saoyhean slurry be constantly nade to flg\év%gn a

ca
piston flow tHofgF R it FEIETHE Dilfede a8 apFroprifate 28f
effect can _be obtained. 10 By enploying a structure in which_small dianeter
pi pes tha&iaE PeMings £9 lfiﬁl“hd’-kk?orﬁqe@rp&tpieontQPeSPHP§PEO§éHrrBeF9\Een a
plurality of |arge dianeter Cgi pes arranged in straight lines, the flowrate
of the ci REUIVEHIGP Sohbasikess and o (diditges YaF§ 3R v d8shevigdrous EnfReng
state of the 15 soybean slurry is achieved. Therefore, the characteristic
ef fect”i s SRMHSATed YHAY tife PrictEh Wedmeresstai nédri RUPRe©SsdyBean slurry
is uniformy mxed, Further, by connecting a steam feed apparatus for
bl owi ng SEEHRITRD tHYSGYbedrf AN y5Hoich Up6r LfoRMBL OYRE  SRECEU20 B amet er
pi pes that are bent_ in a turning configuration, the flowrate of the
soybean slamiiedns sldiged carhdedyirarfit@nPriessdce tof fdpe $0yBeRASSPUr YOV s
increased, the action of suctioning the steamin the steamoutlet is
st r engt heriéd;,ougid théthel nefifdec icdn G o P itHes /s ttEgnAPEEAPKRG ats SHPEreved. In
addi tion
effect can be cbtained.
10 By employing a structure in which small diameter pipes
that are bent in a turning configuration are interpocsed
between a plurality of large diameter pipes arranged in
straight lines, the flow rate cof 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 ralised, 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 cbtained

Moreover, by using a deaeration apparatus equipped with a

deaeration chamber for temporarily holding the soybean slurry



25 to this, an effect of stirring the soybean slurry is obtained Moreover,
by using a deaeration apparatus equipped with a deaeration chanber for
temporarily holding the soybean slurry 2 2 JAN 2007 42 and a sddtJAn007
apparatus for suctioning out the air in e deaeration chanber, an

excel l ent deaeration effect can be obtai'ned using a sinple structure. 2 2
JAN 2007 43, CLAl . 1. A production nethad f.or processed .soybe f ood
products t%nac% aihsc“ll\éﬁcf@é éapé%r 3A‘|Unsgf:repsu(C loinnm\%nioélﬁ %zlv?/ aégyﬁgaﬁgleare ground
to provide,a soyhean slurry and a _ heating step (B) in i ch the, provided
soybean sITfIS/ 3 slorhé%ta&?%rid a’trheerxrrcaeﬁalyen er?%taﬁf&%,m &S Ctpacratn\/\k%tjg/ t hr ough
the heati noqotst.e E%‘ a deaer at.i on . stetp (eC) for renmoving air bubbles m xed
inwith the asldf%’é S0P ¢ i erToMd " %and the heating step (13) and the
deaeration step (C) are perfornmed continuously. 2. The production nethod
for processed soybean food products according to claim1, wherein the
heating step (B) conprises a first heating step in which a tenperature of
the soybean slurry is raised to a predeternmined internediate tenperature
and a second heating step in which the soybean slurry is further heated,
and wherein the deaeraticn step (C) is perforned between the first heating
step and the second heating step.



3. The production nmethod for processed soybean food products accordi r?g to
claiml or 2, wherein the deaeration step (C) is perforned atZtZHéNﬁBﬁ nt
when the soybean slurry reaches a tenperature range of 75 to 125C in the
‘heating step (B). 4. The production nethod for processed soybean food
products according to claim 3, wherein the deaeration step (C) is perforned
at the point when the soybean slurry reaches a tenperature range of 75 to
100C in the heating step (B). 2 2 JAN 2007 44 S. The production nethod for
processed soybean food products according to any of clainms 1, or 2 to 4,
wherein the deaeration step (C) is a nethod for renoving air bubbles in

whi ch the soybean slurry is depressurized such that the tenperature of the
soybean slurry decreases by at | easdra3fesor nore. 6. The production nethod
for processed soybean food products according to any of clains 1, or 2 to
4, wherein in the heating step (B), the soybean slurry flows alternately

t hrough a | arge di angicelucpi@e ritcd fcsnhldcedisabesSbepnpeood. The production

met hod for processed ean. faod _products _according to. claimé6, wherein,
in the heati nﬁrgélfcgcps ?%%P Jt%"e’“%%@baez?ﬁ‘% hnrgrﬁgﬁ o{/ﬁ éﬂt”é}%lﬁ‘%t &fY between a
| ar ge di anet esopbpmsaprangedidnta sorvaigha sebypezrasduary ssred B di anet er pi pe

§§”L e;g at grﬂwgu&go@cggu'@t i QNunftr THE RIUES | QYpUEL Nod, Lgr; processed
y heated and thermally denatured, wherein

partway through the heatring step (B), & deaeration
step (C) for removing air bubbles mixed in with the
soybean slurry is performed, and the heating step {B)

and the deaeration step (C} are performed centinuously.

2. The production method for processed soybean food
products according to claim 1, wherein the heating step
(B) comprises a first heating step in which a
temperature of the sovbean slurry is raised to a
predetermined intermediate temperature and a second
heating step in which the soybean slurry is further
heated, and wherein the deaeraticn step (C) 1s performed
between the first heating step and the second heating

step.

3. The production methcd for prucessed soybean tood
products according to claim 1 or 2, wherein the
deaeration step (C) is perfcrmed at the point when the
soybean slurry reaches a temperature rarnge of 75 ro

125°C in the heating step (B).

4, The production method for processed soybean food
products according to claim 3, wherein the deaeraticn
step (C) is performed at the point when the soybean
slurry reaches & temperature range of 75 to 100°C in the

heating step (B).



products according to claim7, wherein, in the small dianeter pipe that is
bent in a turning configuration, the soybean slurry is heaved by steam
being blown into the soybean slurry. 9. An apparatus for ther el Jxke@gr ation
-of a soybean slurry conprising: a first heating apparatus that raises the
tenperature of the soybean slurry to a predetermned internediate
tenperature; a deaeration apparatus that deaerates the soybean slurry that
has reached the internediate tenperature in the first heating apparatus,
and that is connected to the first hédting apparatus; and 2 2 JAN 2007 45
a second heating apparatus that conpletes thernmal denaturati on by further
heating the soybean slurry that has been deaerated by the deaeration

appar atus, ané.t haThe imrcdonniest edtli@ tthe desesatd coyvapparadagss. 10. The

apparatus for ggguﬁga;aagggg&%t' 0B Q{, @S tﬁ'e Sezloﬁrr%engcor ding to claim$9,

wherein the flrst e tl'ng ar at an I ng apparatus are
provi ded wit WRreEe1% diiied ?%ﬂé@tﬁaplﬁ)é‘t&ﬁr OgH swhi et hoHefspyseaMing| urry i s

continuously gkpcubmhied; 18 wieam g éb?ﬂearﬁpﬁéfﬂﬁ qss bbate ieat sed he soybean
slurry circulating through the |i d feed mxing it wwth steam

and a |iquid FBEQ Ptitp HFEr-F®EIRIY ﬁé ?"c?yﬁ@glﬁ # ﬁ P¥*Yinto the liquid feed
pi pe. 11. Thedappeasdsudyfatr licher e deassnat.i on of a soybean slurry
according to claim 10, wherein the liquid feed

5. The preduction method for processed soybean food

products according to any of claims 1, or 2 to 4,

wherein in the heating step (B), the soybean slurry

flows alternately through a large diameter pipe and a

small diameter pipe.

7. The production method for processed soybean food
products according to claim 6, wherein, in the heating
step (B), the soybean slurry flows alternately between a
large diameter pipe arranged in a straight line and a

small diameter pipe bent in & turning configuration.

8. The production method for processed soybean food
products according to claim 7, wherein, in the small

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

the scybean slurry.

9. An azpparatus for thermal deaeraticn of a soybean
slurry comprising: a first heating apparatus that raises
the temperature of the scybean slurry to a predetermined
intermediate temperature;

a deaeration apparatus that deserates the soybean
slurry that has reached the intermediate temperature in
the first heating apparatus, and that is connected to

the first heating apparatus; and



pi pe conprises a continuous succession of large dianeter pipes alternating
| ameter pipes. 12. The apparatus for thermal deaeration of a

wth small d
soybean slu

are bent in a turning configuration are

rry according to claim17, wherein small dianeter

at
I nt er posed between a p u?gﬁFWQ of

| arge di aneter pipes arranged in a straight line. 13. The apparatus for
rati on of a soybean slurry according to claim 12, wherein the
apparatus that blows steaminto the soybean slurry is

t hermal deae
st eam m xi ng
connected to
configuratio

stored and a
deaer ati on

a portion of the small di‘aneter pipe that is bent

in a turning

n. 14. The apparatus for thermal deaeration of a soybean slurry
according to any of HSHHE'®PHFI1FPAMRErRI HAthECPELRANCOPL 46 deaerati on
apparatus is peoxtwetivhtby Fudeser atebfing chanbeybdan whieh, saybean slurry is

Rueion, <ApParatus, for. suctigning out air inside this

is connected to the deaeration apparatus.

10. The apparatus for thermal deaeration of & soybean
slurry according to claim 9, wherein the first heating
apparatus and the second heating apparatus are provided
with: a liquid feed pipe through which the soybean
slurry is continuously circulated; a steam mixing
apparatus that heats the soybean slurry circulating
through the liquid feed pipe by mixing it with steam;
and a liquid feed pump for feeding the soybean slurry

into the liquid feed pipe.

11. The apparatus for thermal deaeration of & scybean
slurry according to claim 10, wherein the liquid feed
pipe comprises a continucus succession of large diameter

pipes alternating with small diameter pipes.

12. The apparatus for thermal deaeration of a scybean
slurry according to claim 11, wherein small diameter
pipes that are bent in a turning configuration are
interposed between a pliurality of large diameter pipes

arranged in a straight line.

13. The apparatus for thermal dezeration of a soybean
slurry according to claim 12z, wherein Lhe steam mixing
epparatus that blows steam into the sovbean slurry is

connected to a portion of the small diameter pipe that

is bent in a turning cenfiguraticn.

14. The apparatus for thermal deaeration cf a soybean

slurry according to any of claims % to 13, wherein the
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deaeration apparatus is provided with a deaeration
chamber in which soybean slurry is stored and a suction
apparatus feor suctioning out air inside this deaeration

chamber.





