DESCRI PTI ON PROCESS FOR PRODUCI NG SOY SAUCE USI NG GELATI NI ZED BROM RI CE AS

STARCH MATERI AL Technical Field The present invention relates to an
i mproved process for produci ng soy sauce using gelatinized rice as a starch
material. In particular, the present invention relates to a process for

obtai ni ng soy sauce that is chapgsfcetimgedrpby low turbidity in the raw soy
sauce state and reduced formati on of pasteurized sedinent in the soy sauce
pasteurization step with the use of, as a starch naterial, gelatinized
brown rice having a noisture content of 1% (ww or |ess, a degree of
gel at i MRAACESA RIIR 200 CIOGES O #ritih 1Q BoUS W GAGBL. A TBICKGD BRO WA tRICE In
general, a protein material and a starch material are used as starting
materials for traditional Ja#ghhéaRGEdWAdHRIAIAs a protein nmateri al
def atted soybeans or other soybeans are nmainly used. In addition, as a
starch material, wheat is mainly used. The conposition ratio of a protein
material and a starch ‘material used as starting nmaterials (by weight) is
appr oXierbriepyFigldl. |1 n addition, defatted soybeans are introduced into a

st eam cooki ng_nachi ne, follomed by noistening with water (110 to 140
(Ww%. Car 1 iPrﬁseé"éll%‘@PEHn%&?B“éatﬁsanat’%@r\ﬂ’/é{% Qéoceﬁsrtf(?rdéf@é%!ngﬁ% 58Ut eam
cooki ng, machi ne, and |nners te The m%ter i s renoved, .fol |l owed by
stearn @%f‘éﬂl@éﬁ?&t e St %ﬁl& ERTL IR @p%&}m&w@v?ﬁ%%@i%?%?sure)
for appr.ox 10. m nut es d t eam cooki ng
mch; AP SR et B dg %fa%tsﬁ%@ RASTIEA tgepﬁasfsse%) The
suffi tl t t bean a £ o]
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pi eces and seed koji nold (Aspergillus sojae, pergillus oryzae,

Asper ghdikthSe IanmeR: ¢ B%E{C{ﬂ@? of NGEe4 Qegrleldf QuREINDMALIBL UMDY, bhendreSdtldtant 1's
introduced into a koji productlon chanber (an autonatic- ventil ati on- type
koj i pueguaidron apparatus, for exanple, which is used by mgjor

manuf acturers). Koji production is carried out for 42 to 72 hours while the
tenperature is controlled. Then, koji is taken out fromthe koji chanber.
Thereafter, the koji is introduced into a tank for a m Xi ng step. Next,
conmomaskkround Alitssol ved in fresh water. Salt water adjusted to an
approprlate concentratlon is mxed with koji (the step being referred to as
the "m xi ng" 18t &perdlora prepir Mmatermlopndor 6 rclrra@ﬁemih@nt yed otst BieHEE nor omi

mash is subjected to fernentati on and a durlng |nt tte gitation
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obt ai ne unt is a tarned raw

sauce rﬁét@ﬂafsh by o ?f%ﬂge %ggfoﬁ{ijtlﬁt&?yi%aucﬁx Haiffll u&é%ﬁﬁ& nsc@%@ﬁ{sdﬁﬂece wi th

product speci resultant is pasteurizéd ano

pr esenygbivd ataqcte@hrﬁ hebRring: mtaahh@veqmvedcwtﬁ&tt@ﬁtnlgoanﬁwaefe@t meﬂt
removal . Acceptabl e soy saucé is introduced into a washed clean bottle,
can, arot fte/Witke, Uatdfomedcsedetéd ghvbearl hitg wishbd, ailigiduced Cimew GaRm Pl ug,
or the i ke, and | abeling. The thus obtai ned soy sauce (product) is

shi ppegokitly smaher, oindpasinetieidzat ivaner. s Toaret wars kefenided, tfollaged the
pasteurization step.” In addition, soy sauce subjected to t he
pasteummﬂmmgomdﬁtepnﬁ&eéowekineaxﬂeEErt@dutdi&sk@bmﬁteymgzepmsmyebaune

As descri bed above, soy sauce is a seasoning rich in a delicious taste

( unamapprﬁmmaltﬁlt'si%rr@mt@edtmlt howhéinugecaftingoyh etemen andkigeatachmemdvn
starting materials and is mainly conmposed of am no acids. Meanwhile, soy
sauce SX€mpee.Waishtly usedl i ABajar daanlessnises apresetipr e hegiidieniiystgansedice
products are disadvantageous_in that they do not neet the, desjires of
consu %tte%wh@a%%@ T SRAPEANIATE FP odl PR SN E&tq aauanoxemtétv and # il d
flavor ec itherto, in qrder to Ive t he bove

pr obl ‘Hjs% QOBFB@ess Br ﬁB?lao‘i%Eioﬁﬁb tedatiaeat BrgIRs ﬁﬁéa’é ® bBFn &félls}é& B%ed
rice (referred to as rice obtained by heat denaturation such as bul ki ng,
steam ng, and roasting of polished white rice, immture rice, dead rice,
damaged rice, brown rice, disruptedipolished rice, rice powder, white bran
etc.) as the starch material (starting material) instead of wheat (see
Pat ent Docunent 1) has been known as an exanple of the above soy sauce
production process. According to this process, soy sauce with a mld
flavor, a delicious taste (umam ), and |ight col or can be obtai ned, which
i's advantageous Patent Docunent 1 JP Patent Publlcatlon (Kokal) No
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Means for Sol ving Problem The present inventors focused on brown
rice having a bran | ayer covering the rice grain surface in order to obtain
gelatinized rice that does not cause the above di sadvantages in the above
soy sauce production process with the use of gelatinized rice. They have
found ah ki Bl it Nb 2HieBEOWN kdCId) AW (AsPBFII &/ 50 MBPLeiRts 476:-08, | ess,

a degree of gelatinization of 40% or nore, ang no burnt odor can  be

obt ai Red4yrgitlast TngasHChreb oI Hh&etoM follovedesy mdhgm aheardghRgrat ure of
190C to 220C for 120 to 180 seconds, and that the above object can be

achi evedodiictth tfte usekdf prchcget athahbad (ahcauasndicstatititidmiygei abjif or soy
sauce production. This has led to the conpletion of the present invention.
The presertionnygnriton fias chaepliec onipkckt Bdubaséd onjdrherzabfaearéisndi Kgd and
enconpasses the follow ng invention. The present invention refers to a

pr ocegsodustiopripducicdpudyr $2ted? hwanprihde e kopperpruod iictdnim]lefler Tbet,at i on
and aging with the use of protein material and a starch material as

st ar t KAY 1ratien eitsfromae dioji ehaabst ar Chereafter.ithe kbl igéntaedusied dutobr ek ri ce
having a moi sture caontent of 1% (ww) or |ess, a degree of gelatinization
of 40%6?1”0%L MHBg, Sigthd Nextp GPREn t 15 shepolnser igi freshrisatgel Atalhwaka 281618 ri ce
is pr (E)ared b r.oasting brown. rice W‘tg’lﬁ heat nmediumat 190C to 220C for
120 t & FEOTRPECFNHS . CONFTYTaYaly i symtsd Bl kel dibe PEPSRI ARicEepriodticBd by
koj i proguction ernentation.and aging wth the use .of .a protein nateri al
and o BUSHE SRRy dof AP ALERE HGoRE B! orh s difeidht TR R Br ol i s
gel at i Jm.: ] iing.: LSt ur nt .0f. 1% (w or Ss, a.
ear e A E M Eb G A" TR L PRl g Bt g o s e 8,
descrinRgiind % UNG:20Y RUCRAGECRALNGS ifhrldlced RES #11d; (B IBLA Liggast br own
rice is prepared by roasting brown rice wth a heat nmediumaf a tenperature
of 19Q¢nheri2ZB6rs i the ChlsOprbBile8 FURNUSHric badls M SRCRESEE] DGAiR8E GiRedsS @
process for produci ng soy sauce, conprising koji producti'on, fernentation
and agiavgini foh sgheeise OAceorpin@lgi daiBt@ligald aRtbraedStoddCIvaliBi®Br sdtlee'8s
starting materials, wherein the starch material is gelatinized brow rice
havi ngam beoibstinede carent ambudef sulwvatr i added @ tegriesinef rgelat ismiczat i on
of 40% or nore, and no burnt odor. (4) In addition, it is described that

t he géhelt ithitzedmipooewtsr $icéhd ssopr epmeedreyrdiusssit iimgadsoulencs i wigh witoduet heat
medi um at_a tenperature of 190C to 220C for 120 to 180 seconds. 5) Al'so
descr iSBedfip@Ei@isn i khegapariant Zedrasiowreri c&tharolsoy as atrservetiseluist péted whi ch
has a _ noi stufr content of 1% (w or, | ess, avgfgree of qel atinizatjon of
40% of"5161%, POHAYEA P H HAR IIGHIOD. an¢ rdiel Hea bedCRENER §OY He s
gelati.ni zed br.own ric r s auce producti according.to,(5),.which is
o eparBa bR Rttt e Brbiees PR & Pt ndm e apy A e g Wik R0 100
to 22 0 0.to0 0 ads.  Efifects oft | nventi,on Accordi ng
to t‘hg)ggieeéré)% (fa&i)\’/ggl[%’ 8?\?&8% e:italnﬁilzzlbeegm%f O\Fn?e:}ﬁ%%giﬁtg%eﬁgc’oé S%ﬁes(tpﬁ?deu‘:@ont ent
of 1%; : r .of. gel atl.nk: i 09 : no
bur nt “odar et TR SR sh e irtiop s S ARk (08 Ghe FRRGeRAMNG |
obt ai Reg." | M a8diibhofhy aicbeusf aalBithdhz8ulfRn Se 38 ridlid A& R:RIENt

i nventi on, soy sauce characterized by a lowturbidity in the raw soy sauce
st at e tandl "pRMiILRdd oy RBideon of pasteurized sedinent in the soy sauce
pasteuri zation step can be readily obtained. Hereinafter, the above effects
are descri bed\s desdgbed bbove, soy sauderis a sgeqeigd rishyn 8 Aeli6ioRk GAUCinRmipr OCcess,
raw soy sauce obtained by pressing and filtration of a product that has
been otitieh neprodycéde mirgnthatisenf andbags ngd ofham romaimasitinss rheatddatdis80C or
hi gher (referred to as "pasteurization") such that a final product

( past ewrihizeepspysed anfcahinosacids. ai Meahwible,i soy such iproyesdty mud lasge daount  of
sedi nent (pasteurized sedinent) is forned. Therefore, in general, in order
t 0 obtcQid. a Theraipice icdistipe s@ucrucs petilustsdengedisadventagponseitt thpt Hei drgnet

protei n coagul ant such as persinmon tannin_after the pasteurization step,
and t ARt EBGIesANSS G CORBHREISr WAPA¥ave been BYafting joxt5a8pe With il ghicipdereands
earth. S 8 asteurized sedinent is forned as a result of sedinmentation of
an enz'ﬂyrl‘HE:1 %Péi%re(z?’?’iﬁﬁaﬁ%ji mol d (Aspergillus oryzae)) that is

i nsol ubi l'i zed due to heat coagul ation. The sedinent is very fine and highly
vi scous and thus the bul k sedi ment volume after sedinentation reaches
approximately 10% A certain anount2 of soy sauce can be collected by
filtration via di atomaceous earth as descri bed above. However, filtration
performance is poor, and therefore a portion of the resulting soy sauce
nmust be discarded, |leading to a decrease in the final product yield. In
addition, the filtration operation is . conplicated. Further, under present
circunstances, it is difficult to discard diatonmaceous earth used in a



Hereinafter, the present invention is described in detail. In the
present invention, the term"brown rice" refers to unpolished white rice.
Unpol i shed white rice differs frompolished white rice in that it has a
bran | ayer on its grain surface. Exanples of brown rice include generally
avai | abl e brgherd C®, odles tdIRbERE thE QWAVE ieEbleand alirovds o€ @rédigaiesy as
immture rice or danmaged rice. In addition, long-grain hard brow rice
(e. g.saubk Qvith tHeCsepsfoghiaedzédridd ackane) tomay ribe obsgtkd by heat denAaaetici ng to
the present invention, it is very inportant to use brown rice. \Wen

pol i shed asttidlengj steammguaed rastiag of @obkhavawaitt alce sharturngeepdeadizade) , t he
turbidity of obtained raw soy sauce increases. In addition, the anount of
sedi néarhadedr e bdowingee, dastwad pphsiechrics ciapesdérn while past €adiasdhé on
step. Therefore, the object of the present invention cannot be achieved.
Meanwithicd, metesiali éeasingbingtaniat) instepd off wheati Gee Patenhtocamsnt 4y brsibesh of raw
soy sauce obtained is | ow and the anpbunt of sedinent fornmed during.

past ekiRIWREP G Famgple A the adaie 68Y SAUEHBrayFtign (W ecssast S6FITLHS EPn%Ef ep.

It is also very inportant. to. roast hraown rice with a heat, nmediumat a

! erpePcEe S61 SHDCMD TBHE O o8 GOt b Co IS #G REbTRaRb RS be
invention. Wen hrown rice is allowed to cone into contact with a heat
medi uPrﬂ?tﬁ’tne§= WEH&@F%?Y@%@WESS than 190C for heating, gelatinized brown
rice with e ) td, Al 1.0 ~4Q% be obt ai ned.
Mean iatle%t, B\?\g%%&fe[tel ?ESJ %I?%ngv}\ié@h?%%élo 093;31 flg‘ﬁ:g%? Z@%l%wgigggg)heat medi um at

nor e ;,?[ggt B3 e 2 WH Ifa;t Nakesg a burnt odor, which mght result in the
eferio ' /

risk o ration o ' avor of the final product. This is not

pref epgBhepocument 3: JPreAddiNd or365d2 is al so inportant to carry out roasting
under the above tenperature conditions for 120 to 180 seconds. Wen the
roasting tinme is less than 120 seconds, gelatinized brown rice with a
degree of gelatinization of 40% or nore cannot be obtained. Meanwhil e, when
t he r basfidésnge of e lexemeds 180 seconds, brown rice takes on a burnt odor,
which mght result in the risk of deterioration of flavor of the final

pr odu®tabldihits beSohotd yr Sfednaiion Exanpl es of a heat nedi umthat can
be used in the present invention include heated sand, heated stone, flane
air, dried hlowaver, stieacandyirisd ydhe Dresens yeBoTHBAY Kivealed thateln ther

exanpl e, a wheat roaster or a flow roaster, which is used. for general soy
sauce Spiectfuaeinspcess for produgiag oy gayfe W, tF‘%é‘éﬁfP gelgHnge merﬁs@epﬁfﬁ%ﬁ‘ﬂ a heat

medi um at . enper at ure .of.. 190C,t 0,220 or 120 .to 180 secqnds as.descri bed
bove mageial (S ST HER RAUT A A GEIRe e AL BIOTRL 1§ or

| ess, ,.a degr of gel atinlzati.an. 0%.0r re.gan be
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not preferable.” The upper ITmt of the degree of gelatinization is not
parti GiHeaf la¢ 4 i dthdcBUmatiW@V@rartind h&eBENEr ah! ¥ dafed, oxiemedrel Yp8A8aridddr ei n,

t he expression "having...no burnt odor"” indicates that gelatinized brown

ri ce Raginttdt'Oisegulzstianbimetines nefetinipl easianentodaned in aadiskicorizitdorastepast ed
snell. The soy sauce of the present invention is produced with the use of

t he above gellaisi an agdcthrfoiva prasent inagntig @ ohibst wysagontients dfarddsrizgdn) or

| ess, a degree of gelatinization of 40% or nore, and no burnt odor as a

st ar cbymtve rtughidits tiar thengpwretosr sk Hgtecand yi nylused &Kejunt pelogadenared
fermentation and aging with the further use of a protein material (starting
mat er isafiinent formed in |the spe SpresseFsteUriTaEnR iSHHP, 1 Mechefip CEESE dhat ik g be
production, fernmentation and aging with the use of a protein material and a
St ar cfORPEIIR IO SeNEIEORRNYY YnHEs-i 18I SP1LefLBF 3i5% 6T 4eigHBRES SN2 t¥filcal | y

i ncl udes the steps described hel.ow. However, the process is not

parti %@tﬁ?‘ﬁ&(sﬁrﬂpgwt?%$ B}SEFaBSOfI"@%‘?@t‘aS it is a general process for

produci ng soy sauce. (1) A step of obtaining shoyu koji by adding seed koji
(Aspergillus sojae, Aspergillus oryzae, or Aspergillus Tamarii) to a

m xture of a protein material and a starch material used as starting
materials, mxing the resulting product, and propagating koji nold
(referred to as a koji production step). (2) A step of obtaining soy sauce
nmorom mash by m xing the shoyu koji obtained in the above step (1) with
salt water (referred to as a mxing step). (3) A step of carrying out
fermentation and agi ng of the soy sauce norom nash obtained in the above
step (2). (4) A step of obtaining a clarified liquid (i.e., raw soy sauce)
by pressing and filtration of a fernmented and aged product obtained from



in a general process for producing soy sauce. Exanples of such protein

mat eri al include defatted soybeans and ot her soybeans. Exanples of a

t hermal denaturation process include general steam ng. Specifically,

steam ng of defatted soybeans can be carried out by noistening defatted
soybegns Wit hs Waterplbbld, to 140 (Ww % in a steam cooking machine (a
conti nuous steam cooki ng machi ne, for exanple, which is used by mgjor
manuf acturers at present), followed by steam ng with saturated water vapor
at 1.0 to 3. Chkgrewft (gauges foessdive)brbon ragphoiigrattehy 46T spnenestico 1
hour. ; Eeﬁ‘%ln%\f@gwesﬁg%?@ﬁstoc@ﬂtaprﬁ CHihiRd HH& tH¥1 gacehul ICMLES%eh’%CEﬂbCR&
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conc ergetadinid bro“@nm@mmmpmr&d &yl reeeting brqvm Fléﬁiﬂfﬁﬂ”da théa“tlﬁé W&hﬁt 14 he

m Xi ngogggm$&cmg@agtggt§&@0g&| unme of salt vvat er is 1.0to 4.0 tines greater
than the bul k vol une..o startin

ef .0f ri al
procedding. (Phf &€ f)qlgjggsléer?lg & %P?‘g‘%f ?m gge (01111 1%d§£ltﬂo fngné’{%t%ﬂmash i's
pr eparaed. agithe withudic prse pdreepronn omteraisind & Stﬁffﬂé@taﬂﬁ?l% 5] EEtiBE BBl xed
wi t ht %%@%Lk%@ slrt]aﬁf‘éﬁ'rﬁ'at@ﬁh1d1sb§§z§£ﬁﬁtéﬂrbrc(vﬁﬁﬂﬂtc@?ﬁ&m§ah@dl@tﬁkm b?lﬁt)snpbf $oy- sauce
eas acchar onmyce or_a e nni.n m xi n
gccorég’vﬁé? é’eadd%%lin%e ﬁ% g[‘f%?‘é%lf 8@99% eré??r@nf”é&lgr?mm PI ng i nclgudl ng
inter rfm tent Algotdestobedatis 16C sbp VO faseorgimg dRi (hat elhpren nfgﬁtztﬁéatﬁ@ﬂl year .

Fer menj.6d,and Ro%d aEFéEiW rJ¥BE bﬁowtﬁrc@duﬁﬁq hdd nddibhen 4 abijicgathagss made
of synt g iC flpéz @ @ﬁthus repared filter fabric bags are stacked
and a do2gv4 Walhi 1¥&° ‘F squeezing. Thus, clarified liquid

(ref er(BEd t o Also’ deawﬂsaniyhstaunea’ 3 peageshdonbtaiueing soy skl campunmgofoisal t

wat er J.84ad6ed {Eﬂnérﬁgtl&ptaﬁﬂ na?gqlné awP e %Uc@f §U&Qié1ﬁ%a&ﬁﬁpgﬂ@rﬁ it&(f:h t he
SO0y sdauce are a‘;é;{ usted I n, FCCOI’ danc duct 1,0NS

a
r esul tBAETIRL 2p SE1TEHR | BAETAS. ST g@cﬂlﬂﬁrh Wt?rﬂ)ai %?Clﬁ%‘fﬂégé bé?WQnB?e or a
pr eserhaatigve rmeisadeedntdnernétds (Fov enddsshya dbgleﬁqumiattcmmtmn a4t #g"7 odays
and se(ﬂbllgegﬁ d LEmYa o 0;I'he upper clear portion of the resultant is collected
such t asteur] ze auc, obt ai ned. uality of this
past edf? zed dayadditiel itslse %%?TIE%‘&I tﬁﬁtdﬂ}fcéglﬁflﬁbqe R Y %lep?ﬁefio@ﬁced
i nto aowaghethoshedte botht & deatcandivor at heethpdeaturé off 116G th 207 gHer $8atdé ng
with a%og%gg Lrown cap, pI ug, or the like, and labeling. The thus obtained
soy sauce (product) is sh Her ei naftefr t he presen nvent| on
i's m)r(é)speC|MS@a‘IifPSWIE]‘é%é‘feif%édlsv@@clﬁ“?‘é?%rtgﬁﬁé 6 Ak SPHI 246E My°
Exanpl @sich Bxampheisilre ((Bxamploé 16§ (wioduckson dégrthe! gelaahimiinedf Bildwr r | ce
of the_pre [ t4d.0Nn) Commercially avail able brown rice for
cookin Bre 3&%0 b@‘%[ﬁ% rogasted wi t hout being polished _under the condi.tions
shown tabuéisgz qSﬁrIb%@bh%fein Bl ?@Héegﬁf%‘@%ﬂ% JORiSPR SABte BIGAUSHoR
t enperafctfdn@to 90&htad i220C for 120 to 180 seconds fall within the scope of
t he present Tnvention. The other conditions fall within the scope of the
Conpar ati ve Exanpl es. Accordingly, gelatinized brow rice sanples of the
present invention and those of the Conparative Exanples were obtained. For
each sanple of gelatinized brown rice, the degree of gelatinization and the
noi sture content were determ ned as;shown in tables I and 2, respectively.
In addition, a flow roasting apparatus (type: FBDR-5-53D;, (Osaka Gas
Engi neering Co., Ltd.) was used for roasting. Further, the degree
of gelatinization was determ ned according to "Shoyu no Kagaku to G jutsu
(Sci ence and Technol ogy of Soy Sauce) (the Brew ng Society of Japan).
The noi sture content was determined according to the anal ysis process based



me (seconds) tenperature (C) 90 120 150 180 200 160

Roasting Roasting ti
) 16.0 (x) 16.0 (x) 16.0 (x) 180 18.1 (x)

16.1 (x) 16.0 (X

prepared by roasting brown rice with a heat medium at a temperature of 190°C to 220°C

for 120 to 180 seconds.

Effects of the Invention

According to the present invention, gelatinized brown rice having a moisture
content of 1% (w/w) or less, a degree of gelatinization of 40% or more, and no burnt
odor, which is appropriate for soy sauce production, can be readily obtained. In
addition, although gelatinized rice is used in the present invention, soy sauce
characterized by a low turbidity in the raw soy sauce state and reduced formation of
pasteurized sediment in the soy sauce pasteurization step can be readily obtained.

Hereinafter, the above effects are described in detail.

In a general soy sauce production process, raw soy sauce obtained by pressing
and filtration of a product that has been obtained by fermentation and aging of moromi
mash is heated to 80°C or higher (referred to as "pasteurization") such that a final
product (pasteurized soy sauce) is obtained. During such process, a large amount of
sediment (pasteurized sediment) is formed. Therefore, in general, in order to obtain a
commercial product, such sediment is removed by adding a protein coagulant such as
persimmon tannin after the pasteurization step, and the resultant is further clarified by
filtration via diatomaceous earth. Such pasteurized sediment is formed as a result of
sedimentation of an enzyme protein (from koji mold (dspergilius oryzae)) that is
insolubilized due to heat coagulation. The sediment is very fine and highly viscous and
thus the bulk sediment volume after sedimentation reaches approximately 10%. A
certain amount of soy sauce can be collected by filtration via diatomaceous earth as
described above. However, filtration performance is poor, and therefore a portion of
the resuliing soy sauce must be discarded, leading to a decrease in the final product
yield. In addition, the filtration operation is complicated. Further, under present
circumstances, it is difficult to discard diatomaceous earth used in a large amount for

filtration as industrial waste (see Patent Document 2).
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As described above, when sediment formation takes place during the
pasteurization step, the following problems arise: a long time is required for clarification
following the pasteurization step; the pasteurization efficiency decreases due to
adherence of the sediment to a pasteurization apparatus; and the filtration performance
decreases due to the presence of the fine sediment (see Patent Document 3).

Accordingly, a pasteurized sediment significantly influences soy sauce
productivity and workability of soy sauce production. Therefore, the development of
raw soy sauce that causes no or substantially no sediment formation during
pasteurization has been awaited.

The present invention provides a process for producing soy sauce, which is
characterized by low turbidity in the raw soy sauce state (comparable to the case of
conventional soy sauce obtained with the use of wheat as a starch material) and a
reduced amount of pasteurized sediment formed in the soy sauce pasteurization step
(comparable to the case of the conventional soy sauce production process), even though
gelatinized rice is used as a starch material (starting material) instead of wheat, and

whereby innovative effects can be obtained.

Best Mode for Carrying Out the Invention

Hereinafter, the present invention is described in detail.

In the present invention, the term "brown rice" refers to unpolished white rice.

Unpolished white rice differs from polished white rice in that it has a bran layer on its

grain surface. Examples of brown rice include generaily available brown rice,
disrupted brown rice, and brown rice regarded as immature rice or damaged rice. In
addition, long-grain hard brown rice (e.g., brown rice produced in Thailand) may be
used.

Acco_rding to the present invention, it is very important to use brown rice.
When polished white rice is used as a starch material (starting material), the turbidity of

obtained raw soy sauce increases. In addition, the amount of sediment formed during
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turbidity of raw soy sauce obtained is low and the amount of sediment formed during
pasteurization is greatly reduced in the soy sauce pasteurization step.

It is also very important to roast brown rice with a heat medium at a
temperature of 190°C to 220°C for 120 to 180 seconds in the present invention. When
brown rice is allowed to come into contact with a heat medium at a temperature of less
than 190°C for heating, gelatinized brown rice with a degree of gelatinization of 40% or
more cannot be obtained. Meanwhile, when it is allowed to come into coniact with a
heat medium at more than 220°C, brown rice takes on a burnt odor, which might resuit
in the risk of deterioration of flavor of the final product. This is not preferable.

In addition, it is also important to carry out roasting under the above
temperature conditions for 120 to 180 seconds. When the roasting time 1s less than 120
seconds, gelatinized brown rice with a degree of gelatinization of 40% or more cannot
be obtained. Meanwhile, when the roasting time exceeds 180 seconds, brown rice
takes on a burnt odor, which might result in the risk of deterioration of flavor of the
final product. This is not preferable.

Examples of a heat medium that can be used in the present invention include
heated sand, heated stone, flame air, dried hot air, and a frying pan. It is also possible
to use, for example, a wheat roaster or a flow roaster, which is used for general soy
sauce production.

As a result of roasting of brown rice with a heat medium at a temperature of
190°C to 220°C for 120 to 180 seconds as described above, gelatinized brown rice
having a moisture content of 1% (w/w) or less, a degree of gelatinization of 40% or
more, and no burnt odor can be obtained. The lower limit of the moisture content is
not particularly limited. However, it is generally approximately 0.1%. When the
degree of gelatinization of a starch material (starting material) is less than 40%, the

amount of sediment increases during the pasteurization step, which is not preferable.
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The upper limit of the degree of gelatinization is not particularly limited. However, it
is generally approximately 80%. Herein, the expression "having..no burnt odor”
indicates that gelatinized brown rice has no or substantially no unpleasant odor in
addition to a roasted smell. The soy sauce of the present invention is produced with
the use of the above gelatinized brown rice having a moisture content of 1% (w/w) or
less, a degree of gelatinization of 40% or more, and no burnt odor as a starch material
(starting material) by carrying out koji production, fermentation and aging with the
further use of a protein material (starting material). |
In the present invention, the expression "koji production, fermentation and
aging with the use of a protein material and a starch material as starting materials" refers
to a process that typically includes the steps described below. However, the process is
not particularly limited thereto as long as it is a general process for producing soy sauce.
() A step of obtaining shoyu koji by adding seed koji (Aspergillus sojae,
Aspergillus oryzae, or Aspergilius Tamaril) to a mixture of a protein material and a
starch material used as starting materials, mixing the resulting product, and propagating
koji mold (referred to as a koji production step).
(2) A step of obtaining soy sauce moromi mash by mixing the shoyu koji obtained
in the above step (1) with salt water (referred to as a mixing step).
(3) A step of carrying out fermentation and aging of the soy sauce moromi mash
obtained in the above step (2).
(4) A step of obtaining a clarified liquid (i.e., raw soy sauce) by pressing and
filtration of a fermented and aged product obtained from soy sauce moromi mash
obtained in the above step (3).
(5) A step of obtaining pasteurized soy sauce by pasteurizing raw soy sauce
obtained in the above step (4) (referred to as a pasteurization step).
{6) A step of removing a pasteurized sediment formed in the pasteurization step.
A protein material used as a starting material and a thermal denaturation

process used in the present invention are not particularly limited as long as they are used
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in a general process for producing soy sauce. Examples of such protein material
include defatted soybeans and other soybeans. Examples of a thermal denaturation
process include general steaming. Specifically, steaming of defatted soybeans can be
carried out by moistening defatted soybeans with water (110 to 140 (w/w)%) in a steam
cooking machine (a continuous steam cooking machine, for example, which is used by
major manufacturers at present), followed by steaming with saturated water vapor at 1.0
to 3.0 kg/cm2 (gauge pressure) for approximately 10 minutes to 1 hour. Steaming of
soybeans can be carried out by carefully selecting soybeans, washing the soybeans,
introducing the soybeans into a steam cooking machine, immersing the soybeans in
water, removing water, and carrying out steaming with the use of saturated water vapor
under the above conditions.

In addition, for gelatinized brown rice that is a starch material used as a
starting‘ material in the present invention, it is preferable to use gelatinized brown rice
that has been crushed into approximately 4 to 6 pieces.

The composition ratio of a protein material and a starch material used as
starting materials is arbitrarily determined. However, in terms of the weight ratio, it is
preferably 20:80 to 80:20 and more preferably 30:70 to 70:30.

In a koji production process, it is preferable to carry ouf culture in a koji
production chamber at a koji production temperature of 25°C to 35°C for 42 to 72 hours
by blowing air adjusted to a temperature of 25°C to 30°C and a humidity of 95% to
100%. (The thus obtained koji is referred to as "shoyu koji.") In the mixing step, shoyu
koji is introduced into a tank for the mixing step. Then, salt water (with a common salt
concentration of, for example 20% to 25%) obtained by dissolving common salt in fresh
water and adjusting the conceniration to an appropriate level is introduced to the tank
for the mixing step such that the volume of salt water is 1.0 to 4.0 times greater than the
bulk volume of the starting materials before starting material processing. (This process
is referred to as "mixing"). Thus, moromi mash is prepared. The thus prepared

moromi mash is directly subjected to or mixed with soy-sauce lactic acid bacterium
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Hereinafter, the present invention is more specifically described with
reference to the following Examples.
Examples
[Example 1]
(Example of production of the gelatinized brown rice of the present invention)
Commercially available brown rice for cooking was directly roasted without
being polished under the conditions shown in table 1. In table 1, conditions of heating
with hot air at a temperature of 190°C to 220°C for 120 to 180 seconds fall within the
scope of the present invention. The other conditions fall within the scope of the
Comparative Examples. Accordingly, gelatinized brown rice samples of the present
invention and those of the Comparative Examples were obtained. For each sample of
gelatinized brown rice, the degree of gelatinization and the moisture content were

determined as shown in tables 1 and 2, respectively.
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tenperature (C) Roasting tinme (seconds) 90 120 150 180200 160 14.0 (x)
16.0 (x) 16.4 (x) 16.5 (x)16.0 (x) 180 16.0 (x) 18.5 (x) 18.0 (x) 18.2
(x)17.4 (x) 190
In addition, a flow roasiing apparatus (type: FBDR-5-33D; Osaka Gas
Engineering Co., Ltd.) was used for roasting.
Further, the degree of gelatinization was determined according to "Shoyu no
Kagaku to Gijutsu (Science and Technology of Soy Sauce) (the Brewing Society of
Japan).
The moisture content was determined according to the analysis process based
on the soy sauce test procedures (Soy Sauce Information Center).
Table 1 shows the relationship between the roasting conditions and the degree
of gelatinization of brown rice.

Table 2 shows the relationship between the roasting conditions and the

moisture content of brown rice.

{Table 1]

(Relationship between the roasting conditions and the degree of geiatinization of brown
rice)

Roasting Roasting time (seconds)

temperature (°C) 90 120 150 180 200

160 16.1 (x) 16.0 (x) 16.0{x) 16.0 (%) 16.0(x)
180 18.1 (x) 223 (x) 26.3(x) 28.8 (x) 28.5(x)
196 17.6 (x) 40.4 (o) 41.5(0) 43.5 (o) 43.0 (3¢%)
200 20.4 (x) 40.4 (o) 44.2 (o) 46.5 (c) 44.6 (%)
220 30.5 (%) 43.0(0) 46.3 (o) 45.3 (o) 45.2(3%)
246 32.0 (3%) 44.0 (3%) 46.0 (3X) 46.9 () 46.5 (%)

Degree of gelatinization: unit (%)

Symbol (x): Inappropriate as starch material (starting material) for soy sauce
production; (0): Appropriate as starch material (starting material) for soy sauce
production; ($X): Inappropriate as starch material (starting material) for soy sauce
production due to burnt odor

11
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20.0 (x)19.2 (>..<) 220 18.0 (K) 18.0 (.>.() 18.3 (K 18.0 (.K )19.5 (K')
240 19.0 (X) 19.2 (*) 19.0 (K) 19.0 (K) 19.3 (K')

[Table 2]

(Relationship between the roasting conditions and the moisture content of brown rice)
Roasting Roasting time (seconds)

temperature (°C)90 120 150 180 200

160 31 20 20 2.0 L8

180 24 12 13 13 1.3

190 0.8 08 06 05 05

200 04 04 04 04 04

220 ¢4 03 04 03 03

240 04 03 04 03 03

Moisture content: unit {%)

Based on the results shown in table 1, it is understood that gelatinized brown
rice with a degree of gelatinization of 40% or more cannot be obtained when brown rice
is roasted at a temperature of less than 190°C (e.g., 180°C) while in contact with hot air.

Meanwhile, it is understood that brown rice takes on a burnt odor as a result of coming
into contact with hot air at more than 220°C (e.g., 240°C).

In addition, it is understood that gelatinized brown rice with a degree of
gelatinization of 40% or more cannot be obtained when brown rice is roasted for less
than 120 seconds (e.g., 90 seconds). Meanwhile, it is understood that brown rice has a
burnt odor when heated for more than 180 seconds.

On the other hand, it is understood that gelatinized brown rice with a degree of
gelatinization of 40% or more can be obtained when brown rice is roasted with hot air at
a temperature of 190°C to 220°C for 120 to 180 seconds.

In addition, based on the results shown in tables 1 and 2, it is understood that
gelatinized brown rice with a moisture content of 1% (w/w) or less and a degree of
gelatinization of 40% or more can be obtained when roasting is carried out in a heat
medium at a temperature of 190°C to 220°C for 120 to 180 seconds.

(Comparative Example 1)

For comparison, different gelatinized polished white rice samples were

12



Degree of gelatinization: unit (% Synbol (x); Inappropriate as starch
material (starting material) for soy sauce production; |nappropriate as
starch material (starting material) for soy sauce production due to burnt
odor [Table 4] (Relationship between the roasting conditions and the
noi Stabteined i €t sanfe poahiahedhydufitee premys fdigastludige gRaaaizcdgideiured (18 econds)
tenperature (C) 90 120 150 180 200 160 0.4 0.4 0.4

Example 1 except that polished white rice {rice polishing yield: approximately 90%) for

cooking was used instead of brown rice for cooking. The degree of gelatinization and

the moisture content of each gelatinized polished white rice sample were determined as

in Example 1. The results are shown in tables 3 and 4, respectively.

Table 3 shows the relationship between the roasting conditions and the degree
of gelatinization of polished white rice.

Table 4 shows the relationship between the roasting conditions and the

moisture content of polished white rice.

13



0.4 0.4 180 0.4 0.4 0.4 0.4 0.4 190 O..4 0.4 0.40.40.42000.40.40.40.4

[Table 3]
(Relationship between the roasting conditions and the degree of gelatinization of
polished white rice)

Roasting Roasting time (seconds)
temperature (°C) 90 120 150 180 200
160 14.0 () 16.0(x) 164 (%) 16.5(x) 16.0(x)
180 16.0 (x) 185 (x) 18.0(x) 182(x) 17.4(x)
190 16.0 (%) 18.0(x) 18.4(x) 19.0(x) 18.0 (3%)
200 18.4 (%) 19.2(x) 20.0 (x) 20.0(x) 19.2 ()
220 18.0 (7%¢) 18.0 (3%¢) 18.3 (%) 18.0 (3%) 19.5 (3%)
240 19.0 (2€) 19.2 (3¢) 19.0 (%) 19.0 (3%) 19.3 (3%)

Degree of gelatinization: unit (%)

Symbol (x): Inappropriate as starch material (starting material) for soy sauce
production; (?%): Inappropriate as starch material (starting material) for soy sauce
production due to burnt odor

[Table 4]

{Relationship between the roasting conditions and the moisture content of polished
white rice)

Roasting Roasting time (seconds)

temperature (°C) a0 120 150 180 200

160 04 04 04 04 0.4
180 04 04 04 04 0.4
190 04 04 04 04 0.4
200 64 04 04 04 0.4
220 64 04 04 04 0.4
240 ¢3 03 063 03 0.3

Moisture content: unit (%)

Based on the results shown in tabie 3, it is understood that degree of
gelatinization of polished white rice is 20% or less in each category and falls far below

the target level of 40% with any combination of roasting temperatures of 160°C to

14
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in addition, based on the results shown in table 4, it is understood that the

moisture content of gelatinized polished white rice obtained with any combination of
roasting temperatures of 160°C to 240°C and roasting time periods of 90 to 200 seconds
1s 1% or less.

Example 2]

(Example of soy sauce production with the use of gelatinized brown rice)

Brown rice for cooking was subjected to flow roasting at a temperature of
200°C for 150 seconds such that gelatinized brown rice was obtained. The obtained
rice was crushed in a manner such that the crushed grain size (approximately 4 to 6
pieces from one grain) became equivalent to that of starch material used as a starting
material (roasted wheat) obtained by a general soy sauce production process. Thus,
crushed gelatinized brown rice was obtained. Meanwhile, soybeans that had been
immersed in water overnight and then removed from water were steamed under pressure
with saturated water vapor (1.8 kg/em? (gauge pressure)) for 20 minutes. Thus,
steamed soybeans were obtained. The above crushed gelatinized brown rice and the
steamed soybeans were uniformly mixed such that the starting material weight
composition ratio thereof became 35:65. The resultant was inoculated with seed koji
mold, followed by koii production at a humidity of 97% and a temperature of 30°C for
42 hours. Accordingly, shoyu koji was obtained. Next, the obtained shoyu kojt was
mixed with salt water with a common salt concentration of 24% in a volume 1.2 times
greater than the bulk volume of the starting materials before starting material processing
and subjected to fermentation and aging at 15°C to 30°C for 6 months, followed by
pressing. Thus, raw soy sauce was obtained,

(Comparative Example)

15



[ Exanpl e 2] (Exanple of soy sauce production wth the use of gelatinized
brown rice) Brown rice for cooking was subjected to fl ow roasting
at a tenperature of 200C for 150 seconds such that gelatinized brow rice
was obt ai ned. The obtained rice was crushed in a manner such that the
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used in Exanple 2 above. Thus, raw soy sauce for the Conparative Exanple
was otieasayeshucé GooduavionExanpsa)sed Soyisaude Ppaloduct iThusprocess suidehforhe use

of roasted gel atinized wheat) Wheat was subjected to flow roasting
at a thenpertaldiengfie 208Cbfasredl 50 seconds such that gel atini zed wheat was
obt ai ned. The obt ai ned gel ati ni zed wheat was processed in the sane

nmannefPagteurationtesthe soy sauce production process used in Exanple 2 above.
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pasteuri zed Fedienesiiomascaxpriessad baswediestprcapaatetian(sedrtihpenatetialeypef t he
sedi nent | ayer of soy sauce determ ned by macroscopi ¢ observation
and raw soy sauce turbidity and the relationship between starch material (starting
material) type and the propoertion of pasteurized sediment.
The turbidity was determined with a turbidity meter (CORONA Electric Co.,
Ltd.).

The proportion of the pasteurized sediment was expressed as the proportion of

the volume of the sediment layer of soy sauce determined by macroscopic observation

16



wWith respect to total volunme (1 liter), provided that soy sauce had been
collected imedi ately after pasteurization in a volunme of 1 liter in a
1-liter measuring cylinder and allowed to stand still for 4 days. [Table 5]
Starch material (startingTurbidity of raw soy sauce material) type(PPm
P_rODOMtihOfbsPéctp@stt&ur ivoBmhs adi nReR), (roiildl Wheadoy( Gankr pAd Beammlogk8@d0 Brown
rice (Exanple 2)7810 Polished white rice20525 (Conparative Exanple )
Basedimpctiacly el thasiehovnionnint abbéurbe dfnt like i@as ¢ -idkr hiastidng spindauce
obtained with the use of gelatinized brown rice (Exanple 2), the turbidity
was 7&dpiiowaatita stendsip burt4 daysof pasteurized sedi nent was 10 (v/v%.
Regar di ng conpari son with conventi onal soy sauce (Control Exanple) obtained
wi th ffebleiS§e of roasted wheat, both values were found to be as | ow as those
in the Control Exanple. Meanwhile, Tn the case of Pthe raw sSoy sauc

SOPTEP BRI e

obt ai ng rgﬂ{rﬁgetr{aggﬁ%nf gelaliidi? 68 R0Lh s hagdonhi tEOPTTE

Exanpl e _ y was 205 ppm and t he proporti oseditnemast euri zed
sedi ment  wBatensl)typs,9) .~ Regar di ng EBMBAri son with convenh’;@%l soy sauce

( Cont Ex-afph-er—bet-h—vat-ves—we otRe-t+o—hbe—a 8 wW-Ee—-as—great as
t hose Whedtl{€ofioal Epdmpdeanpl e. 80 Next, the three different sanples of

raw soy_sauce tain i n Exanpl e Conpar ati ve Exanpl e,,and Control
Exanpl fo‘?'%§1582€f{%?§e,dz)mere subj ect27e8d t o component anal ysi s. The anal ysis
process Reisshdétvdritd mexd according tqQ the soy sauce test procedures (the
Japan E?é‘ymiﬁuﬁ% ES I)ogy Cent er).zoiabl e 6 shows soy sauce conponent

anal y

Based on the results shown in table 5, in the case of the raw soy sauce
obtained with the use of gelatinized brown rice (Example 2), the turbidity was 78 ppm
and the proportion of pasteurized sediment was 10 (v/v%). Regarding comparison with
conventional soy sauce (Control Example) ébtaincd with the use of roasted wheat, both
values were found to be as low as those in the Contrel Example. Meanwhile, in the
case of the raw soy sauce obtained with the use of gelatinized polished white rice
(Comparative Example ), the turbidity was 205 ppm and the proportion of pasteurized
sediment was 25 (v/v%). Regarding comparison with conventional soy sauce {Control
Example), both values were found to be at least twice as great as those in the Control
Example.

Next, the three different samples of raw soy sauce obtained in Example 2,
Comparative Example, and Control Example, respectively, were subjected to component
analysis. The analysis process was determined according to the soy sauce test
procedures (the Japan Soy Sauce Technology Center). Table 6 shows soy sauce

component analysis values.
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Brown rice (Exanple 2) Polished white rice (Conparative Exanple ) Tot al
nitrogen (%9 1.90 1.90 1.89 Conmmon salt (% 16.9 16.9 17.0 Reduci ng sugar
(99 4.29 4.34 4.39 PH 4.90 4.98

[Table 6]
Wheat Brown rice Polished white rice
(Control Example) (Example 2) (Comparative Example )
Total nitrogen (%) 1.90 1.96 1.89
Common salt (%) 16.9 16.9 17.0
Reducing sugar (%) 4.29 4.34 4.39
pH 4.90 4.98 5.01
Chromaticity 20 28 28

Based on the results shown in table 6, it is understood that the raw soy sauce
obtained with the use of gelatinized brown rice (Example 2) is high-quality soy sauce.
This is because the total nitrogen content, the commeon salt content, the reducing sugar
content, and pH of the raw soy sauce are substantially equivalent to those of
conventional raw soy sauce obtained with the use of roasted wheat (Control Example).
In addition, it is understood that the raw soy sauce of the present invention has a
chromaticity of 28, indicating that it has a very light color compared with the control
sample, which has a chromaticity of 20. Therefore, soy sauce obtained by the present
invention has been found to meet the desires of consumers who have been awaiting soy

sauce with light color in recent years.
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5.01 Chromaticity 20 28 28 Based on the results shown in table 6,
it is understood that the raw soy sauce obtained with the use of

gel atini zed brown rice (Exanple 2) is high-quality soy sauce. This is
because the total nitrogen content, the common salt content, the reducing
sugar congent, and pH of the raw soy sauce are substantially equivalent to
those of &onventi onal raw soy sauce obtained with the use of roasted wheat

(Control Exanple). In addition, i s understood that the raw soy sauce of
the present i ?63:% QB E@thd Cbbipingd Roji prodiGidh | REméMationi dndhas a
very Ilghi11 co'lg3 r cgﬂbr?ﬁgju{:}mﬁ ? éaontr% mg2mglllér, l\J/\,hll ch has a ChI’OITB.tI city

of 20. Ther ef agieg Wﬁ'@ﬂﬁesleﬁ%é pﬂmlamﬁ@rf%@n@ RetyER aigrial vy alRttingin#Ha<dabeen
found to neet, [l dgsi ls{a?éh RAbterions 55@&1%2@&1&0%\’&.9%@?&9%Vﬁbzgiu&gccﬁ@éfni%@uce
with |ight col'oF "I n' Fecent years. - Claim 1. A process for producing soy
sauce, conpri %%riy/\dk)d]rlleﬁﬁr adagrer ohgelpdnization &f #B¥ AMcraginty PRt ¢488 use” of
protein mat eryalAndi-ans bBGLER Br%Wn@’ce"?sSpr%b%reH'H}gogﬁh@ﬂr@wbﬁﬂcé’%ﬁﬁ gin the

starch material I's gel at |n|ze€&€romn rice having'a noi Sture content of 1%
(Ww) or |esshea nistimeet 630°gap 2207 foaf 201 0 %099¢+ nore, and no burnt

odor, and wherein the gelatinized brown rice is prepared by roasting brown
rice with a heat nmediumat 190C to 220C for 120 to 180 seconds. ABSTRACT
It is an object of the present invention to provide soy sauce characterized
by a low turbidity in the raw soy sauce state, reduced formation of

pasteuri zed sedinent in the soy sauce pasteurization step, and a |ight
color. The present invention relates to soy sauce produced by koji
production, fermentation and aging with the use of a protein material and a
starch material as starting materials, wherein the starch material is

gel atini zed brown rice having a noisture content of 1% (ww or less, a
degree of gelatinization of 40% or nore, and no burnt odor.
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