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DESCRI PTI ON EXTRACTI ON OF A PROTEI N | SOLATE FROM SOYBEANS Fielng‘@yBgLLﬁ\ "
Invention This invention is involved with seed protein 5 isolation adapte

for food use. Description of the Prior_Ast_The prior art has dealt o
extensively with the subject of isolation, purification and inprovenent of °

the nutritional quality and flavor opgpgexppapoR’otein. Soybean 10 protein
inits native state is unpal at abl e anmd~tas—Tmpai red nutritional quality due

to the presence of LI GL-ack d. conpl exes _which interfere with mamal i an

m neral absor pti on; : 2 ABRATEIN: ISQLAT BOM| SPABEANS i ncl udi ng
trypsin inhibitors which interfere wth protein digestion in 15 mammal s.

The prior art has dealt with the destruction of trypsin inhibitors by heat

treatment and with the renoval of phytic acid. It has also dealt with
i mprovi ng tPfeYd cbEstRé PhObRtRNofiecured as purified isolate relative to |
that con- tarned 1n € soypbean raw material. 20 McKi nney, et

al., J. Biol. Chem, "his inSenpignsi&lin®d2vedowrndseeloppotbah phytin
slow y di ssociates from soybean protein in al kaline dispersions at pH 11.0
to pH 1.5 isolatiohcadapteddfoy feodrusegati on. |acobucci, et al., US.
Patent No. 3,736,147 25 disclose an ultrafiltration process for the
preparation of soy protein isolate having a reduced phytic acid content

whichilnuﬂaggzggéngg 8?eg%ga£r}£ga£g€nts i n conbination

The prior art has dealt extensively with the -

— subject of isolation, purification and improvement of the @%
nutritional quality and flavor of soybean protein. Soybean

10 protein in its native state is unpalatable and has impaired
nutritional quality due to the presence of phytic acid ‘
complexes which interfere with mammalian mineral esbsorption,
and the presence of anti-nutritional factors including
trypsin inhibitors which interfere with protein digestion in

15 mammals. The prior art has dealt with the destruction of
trypsin inhibitors by heat treatment and with the removal of
phytic acid. It has also dealt with improving the yields of (
protein secured as'purified isolate relative to that con- )
tained in the soybean raw material.

20 . McKinney, et al., J. Biol., Chem., Vol. 178, pages
117-132 (1949) Qdisclose that phytin slowly dissociates from
soybean protein in alkaline dispersions at pH 11.0 to pH
11.5 and may be removed by centrifugation,

Iacobucci, et al,, U.S, Patent No. 3,736;147

.25 disclose an ultrafiltratién process for the preparation of

soy protein isolate having a reduced phytic acid content

which involves various chemical treatments in combination



T

wifh extensive ultrafiltration. Chemcal treatnment involves either
enzymati'c hydrolysis of the phytic acid/by the enzynme phytase at neutral

prior<to ultrafiltration,

at low pH, or the 5 use of éethylenediam netetraacetic acid at a high pH.
Bolley, et al., US. Patent No. 2,732,395, dis- close a nethod for
separnati.on O&iahyexaeﬁsmvevaltnufimttaséeds Chemigefotireatwentsinvolives
extraction of an oil free seed neal or flour with agueous acid at a pH

wi thin approeitheo enaywrgichbydrodyedsrp§ thegphyt
protein, generally about pH 4_.5. The phytin cQver fro he sol ubl e
netzaidfsation,chnbhe

portion and
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the soy protein, renoving inso materials, precipitating

seed meal or flour with agqueous acid at a pH within approxi-
mately the isoelectric range of the particular seed protein,
generally about pH 4.5. The phytin is recovered from the
soluble portion and the protein is recovered from the curd
by extraction at a”pH greater'than 8 with separation of
1nsolub1e materials, and subsequent coagulation of the
protein in the clarified alkaline extract by acidification,
again within the isoelectric'range'of the protein. The
method is applied to various oil seeds including defatted
soybean flour to provide purified protein which is allegedly
substantially free from otganic phosphorous compounds.

Sair, U.S. Patent No. 3,001,875, involves agqueous
extractien ef defatted soy flakes at pH 6-10.5 to form a
solution of the eoy protein, removing insoluble materials,
precipitating the extracted protein at pH 4.5, redissolving
the curd at pH 6 and drying.

'~ Johnson, U.S. Patent No. 3,397,991, forms a
protein isolate from a mixture of solvent extracted
vegetable meals ineluding soy meal to provide the desired

amino acid composition in the resulting protein isolate by -



'25 ’ Johnson, U.S. Patent Nof3§,397,991, forms a protein i sol ate -

froma m xture of solvent extracted vegetable neals including soy neal ‘to .
provi de the desired am no acid conposition in the resulting protein isolate .
by colloidally solubilizing the protein in water at [err]. and at pH of

or ot i n | PERPRE=R1: AR T AT R e 0 A SUak € PR i
the 1soe gak' bt pH H9-13 eparailici of into TR md¥er fa it > soy

illustrates preparation of 'soy “protein isolate by extracting d

flour wtpewaveritg Hhed@oiiubint z2d Prote i Stnli ¢l tdushs/ ESIUBEIS] | al
and redissolving the protein 10 curd in.water at pH 6-11.- Goodni ght, Jr.,

et al., Ubp aPglingt oXobyt atdd piecipitetias vi dinin cthé alsoelertvic art
processes for the preparation of acid precipitated soy protein isolate as
exenpld fi ednge.t he Bolley, et al., and Robbins, et al. 15 patents citedw
above. The prior art precipitated the soy protein in the flake with acid"
in the presence of Repbiasaciet alcoodhiphiPatentuNo. tHRRl i8R, an al kal
stabl e conplex is fornmed between the protein and the phytic acid under
these ci rggm&ﬁe&swravaﬁm.&%ii%bm&# HSQRES PY (AXETAF 4NN he

soybean pag%gitrg:e%t s%lyk%lliorﬁ(ar _Qv'ijt%s w}astedri 2t an _acidi_,c pH 3.5-5.5,
discarding the soluble material and :edissolying the protein
10 curd in water at pH 6-11. | | | | U
Goodnight, Jr., et al., U.S. Patent No. 4,072,670,
discloses a basid flaﬁ in prior art processes for ﬁhe
preparation of acid precipitated séf p:otein isolate as
exemplified in the Bolley, et gl..,and R6bbins,fe£ al.

15 patents cited above. The prior art érecipitated the soy
pfotein in the flake with acid in the presence of.ﬁhytic
acid. Goodnight, et al.,,foqu.thaﬁIan_alkali stable
complex is formed between the protein and the ph?tic acid
under these circumstances:which prevénts dissociatioh.of the

20 phytin from he soybean protein at_alkaline PH as is dis- o/
closed in the McKinney, et al. article cited above. | |
Goodnight, et él._solved:some of thé problems.by the prior
art by rendering the phytate insolub;e:at a pH 6f:io.6 to
14, and separating it from the p;oteins prioi to £he préci-

25 pitation of proteins at their isoelectric point, i.e.,
pE 4.5. N _

The disadvantages of:the process described bﬁ

Goodnight, et al., are that exposure of proteins to



closed in the McKinney, et al. article %4ted above. Goodnight, et a

sol ved sone of the problens by the prior art by rendering the phytate

i nsoluble at a pH of 10.6 to 14, and separating it fromthe proteins prior
t0 the preci- 25 pitation of proteins at their isoelectric point, i.e., pH
4.5. The di sadvantages of the process described by Goodnight, et al., are
that exposupRePbmBi@tREGR &Pkalife d;ssrwin hidWe P &BY | dEEGEL VEHdiadver sel y
affect their nutritional val ue, t hat comerci al continuous centri -
fuges were hHaebieibnatepalaeg aho ﬂew tomhérctal peowethyiys atentarisci pi t at e

formed at the high alkaline pH 5 . Prior art described processes
whi ch were fugesswéné unablertdegeparaterthiecvexy bightytsuspendednt of soy
isolates in a small laboratory scale. However, none of the above processes

are capabl epbytptedprerépiteteofrpnsd at they high cabkahing RHononi c
comek¢i al scale. 10 _Summary of the, |l nyention The e | nvention
provi de® a process fo?r%ﬂé ‘B¥Epﬁ?%‘E’Fb‘i’F%fpﬁ?F?ﬁﬁ%\ﬁg’Hf%hr‘l’?’l’%os‘%‘iﬁﬁiﬁfd'l]e| n
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low ash coniggiateR0h! hOBAALY. 10B6rdE5FF bcRIOTCHOWNEE ; Akl | reces

t he al um num conte
above processes are capable of production of low phytate soy -

protein on an economic commercial scale.

10 Summary of the Invention

The present invention provides.a process'for the
preparation of an inproved purified.soy protein having
exceptionally low phytic acid content, substantially
improved palatability, improved functionality, high nutri-

15 tional qual:.ty, and low ashcontent. Additionally, the
| instant process substantially reduces the aluminum content
of the soy product produced. Aluminum content of soy based
infant formulas is significantly higher than the content
found in breast milk. Thus, infant formulas prepared from
20 the instant soy protein isolaté are:more nutritionally
acceptable since reduction of.the aluminum content provides
soy formula conpositions nore.similar to breast milk.

The term 'soy protein isolate having low phytate
content“.as enployed herein is intended to be a soy protein

25 product containing 88% or more by'weight of soy
pfotein and not more than 0.3% by weight of phytates

(expressed as phytic acid equivalent), preferably less than



of the soy product produced. Al um num content of soy based infant fornulas
Is significantly higher than the content found in breast m |l k. Thus, infant
formul as prepared from20 the instant soy protein isolate are nore
nutrltlonally acceptabl e since reduction of the al um num content prOV|des

gf formul@, zogmeRytaees peEe100Ty! protailil eaphytibkacig kfem soy protein
| ate having | ow phytate content"” as enployed herein is intended to be a

soy protenhei&brthombmbphosphaﬂengster of m@8¥inosirod,bpceairghatol soy
protein and not nore-than -0.3% by weight of phytates (expressed as phytic
aci d equi vEaibnty, hpghfkeubly insgraiine andoolgspedsanesther cadeigmpr ot ei n.
Phytic acid, the hexaorthononophosphate:ester of myo-inositol, occurs at
fairly hi jregresium paktaqi PBYSAE.oi EnsEeybeas wﬁelaarepsmwaanéspﬁntbau

phytin. In soybean neal 70% of, the 5. t al. phosphorous i's
accounbed %3 ypﬂﬁ§?bﬂr°“ﬁaggda ﬁ°3ﬁ%8 GGPﬁhgnggYGG§ cofiesrad op ééfathed‘

b soem .”ﬁé‘ 1 Rl LA b i el
m neral - gp%f gygf, OEfgﬁgﬁimgsaegleer b@snbaopraggm i

reduce the var s mnera suc ,as zinc, magnesi
cal ci um 'dé’f‘at@é& ssyseaﬂ ﬁ.@swrefﬁye&boac% w3212k Em augnfy%ttehe phyt i.c

aci d -and phytates renain associated With the protein.in the form of
mineral-protein complex during processing and it has been

10 shown to reduce the bloavailabzllty of varzous m;nerals,'
such as zinc, magnesium, calcium, iron, etc. During the
preparation of isolates, much of the'phytic;acid and -
phytates remain assoc:ated wlth the prote1n in the form of
complexes. When the terms phytate or phytates are ‘used :

15 herein, it is 1ntended to 1nc1ude salts of phyt;c ac1d or
molecular complexes of phytlc acid w1th other soybean
constltuehts. In the case of presently avallable commerc1a1

~ soybean proteln_lsolates such as Edl-Pro A (Ralston Purlna)
and Ardex F (hrcher Daniel_Midlahd), as.much as 2-2.5% by
weight of the isolate is phytate. Phytate removal from.soy )

20 protein lsolate 1s deslrable because phytate phosphorous is
unavallable as a nutrltlonal entlty to humans and it 1nter-“
feres with the absorptzon of nutrltionally essentzal
multlvalent_catlons,_such.as calcxum, iron and zinc.
Infants_cannot utilize phytate phosphorous and.the presence

25 of relatively high amouht of_such uhavailable phosphorous

may lead to inadequate bone mineralization. Therefore, it



conpl exes. Wen the terns phytate or phytates are used 15 herein, it is

i ntended to include salts of phytic acid or nolecul ar conpl exes of phytic
acid.with other soybean constituents. |In the case of presently avail able
commer ci al soybean protein isolates such as Edi-Pro A (Ral ston Purina) and
Ardex F (Archer Daniel Mdland), as ough.as 2-2.5% by weight of the isolate
Is phytate. Phytate renoval from soy 20 protein isolate is desirable
becabse phyt at e phosphorous is unavailable as a nutritional entity to
humans and it inter- feres with the absorption of nutritionally essential

mul tival ent, cations uch as,calcium ir nts cannot utilize
phyt at e phc?sspa% %J(J%al?i 'f%eelp’f"gls%én%% PQ% cre’a‘%| lry{gﬁ g‘f"n %kt of such
unavai | abl @ﬁ)mmprmm nfaneafprmlamdequat e bone m neral i zati on.
Therefore, it dr ﬁ?geéé rabé tEs &b M AGE S Pon | fet{e VYPh€a.

cont’ért of soy base nt for as. According to t prese I nvention,
there i s pro\RYRIPLSS p?%e%%eP‘b‘Fl'tﬂ HIFPNPECLRN p%%?b"l’\'ﬂﬁl solate wth

si gni ficantgiyth eglig sﬂmémgymmwtammmswﬂteﬁt aand dutirea- phytate
whi ch conprises treating a defatted soybean raw material containing soy

protein by €ialiygfieé! of rphytate avhbchesomprisesnteéating aviddfattgdae range
of pH 8 to 10 and at a tenperature above [err] for a period of tine
soybean raw material containing soy protein by forming a
slurry with an aqueous medium at a pH.within the r#nge of pH
U 8 to 10 and at a temperature above 65°C.for a period of time -
sufficient to solubilize the soy protein but reduce extrac-
tion of phytates; separating said sluiry into an insoluble
fraction coataining_a substantial portion of the
.polysaccharides and insoluble phytates and é soluble frac-
tion which includes thé sclubilized soy protein; adjusting
the pH of said soluble fraction to 5.0 to 5.5 to
precipitﬁﬁe the soy protein and thereby prﬁduce a whey

fraction containing soluble phytate and a soy protein solids

fraction having a phytate concentration not more than 0.3%
N7 by weight; washing this latter fraction in an aqueous

medium; and separating the suspended soy protein solids

fraction from this aqueous wash medium. As a raw material,

use may be made of defatted partiéulate



sufficient to solubilize the soy protein but reduce extrac- tion of

phyt ates; separating said slurry into an insoluble fraction containing a
substantial portion of the polysaccharides and insol uble phytates and a

sol uble frac- tion which includes the‘golublllzed soy protein; adjusting
the(pH of said soluble fraction to 5.0 to 5.5 to precipitate the
soy‘protein and thereby produce a whey fraction containing soluble phytate
and a soy protein solids fraction having a phytate concentrati on not nore
than 0.3% by wei ght; washing this latter fraction in an aqueous nedi um and
separating the suspended soy protein solids fraction fromthis aqueous wash
medium As a raw material, use may be made of defatted particul ate

soybean, such as defatted soy flour, grits, or flakes. Prior contact of the
nati ve soybean material wth.acid results in the formati on of a bond s
bet ween the phytate and the protein and renders isoelectric or acid treated
soy protegdybesnpasachaas defaptedr séycflonr, hgrptesest Enuras.tion. The -
above extract-conditions mnimzes the extrac- tion of phytates and the _
f.or mat i onPoioprcontacthgf athe cnapivacsoybeanainatestali withsaéhba@ proteins to
precipitation at a pH somewhat higher than their isoelectric point. The
above soyrgﬁble$niEXthac£°¥mat$QM|@fed b9nd between the phytate and '

the protein and renders isoelectric or acid treated soy
protein raw materials inappropriate for the present inven-
tion. '_' | _ |
: The above extract conditions minimizes the extrac-
tion of phytates and the formation of protein-phytate
complexes. It also sensitizes the proteins to precipitation
at a pPH somewhat higher than their iscelectric point.

| The above soy protein extract is clarified by
centrifugation, filtration, or by other known means, and
thereafter the soy protein is precipitated by acidification
at pH 5 0-5 5, and the precipitate is recovered | At this'

pPH, the phytate will be removed in the whey. \;i

Detailed Description of the Invention

In a typical commercial process, the soy proteins
are extracted at slightly alkaline pH from soy'flake or soy
flour. The major protein fraction is then precipitated from

the clarified extract by adjusting the pH to the isoelectric



centrifugation, filtration, or by ot known nmeans, and thereafter the soy
protein’is precipitated by acidification at pH 5.0-5.5, and the precipitate
is recovered. At this pH, the phytate will be renoved in the whey.
Det ai | ed Description of the Invention In a typical conmercial process, the
soy proteins are extracted at slightly alkaline pH fromsoy flake or soy

flour. The g ot e ' by © pr @Gl it d e _clarified
ext réct by ar?‘(;j us? !Q?lg ﬂlge é)fl-?ét\éoit e‘i?’sod;fygc't r?"cq'“[‘}'l'e %g‘%nt‘;{%qg%ihe S%St eins (pH

4.5). Since idsonikieife €hifs ipHOltHd Prdtdit Tabe lvepar@ielan s2am Pe

separated from sol ubl e sugars, salts, etc., by centrifdgation. To conplete

the purificetoluble lsugare cisalts d et adie tetiti figlatioal. 5To eanpletee at

this isoelectric pH then the protein spray-dried either as'is or after
resol ubi | i zathePunifiaation pithe protesinc icurdndist washeda withowagetrt aen of

e’ pFoscht I TRAE gt A0 anteshnic 20 Soemtbeabrots thool At oo have
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i sol ates, thhywaleLigtesent in the soy flake will complex with the .

protein and will be present in the.soy'isolate. Typically,
- 10 cbmmercial soy isolates have a phytate content of 2.0-2.5%
and in some instances as much as 3% by weight.
The treatment of soy proteins at high alkalinity
(pH 11.6) méy adversely affect the nutritive value or safety
of such proteins. During many of the commercially available

15 processes for prepéring soy protein isolates, the proteins
are precipitated at about pH 4.5. However, at this pPH, a
strong phytate-protein interaction takes place and most of
the phytate will precipitate with the protein, resulting in
a soy protein isolaﬁe having more ﬁhan.z% phytate;

20 The present invention provides further improve-
ments to the prior commercial process by eliminating the
exposure to extreme alkalinity and most important provides
for the first time an economic process for the production of
soy isolates in good yield and having phytate concentra-

25 tions of 0.3% by weight or below. |

The soy protein raw material for the process is

defatted soybean, preferably defatted soy flour

or defatted soy flakes. The process involves forming an



are precipitated at about pH 4.5. However, at this pH, a strong
phytate-protein interaction takes place and nost of the phytate wll
precipitate with the protein, resulting in a soy protein-isolate having
nore than 2% phytate. 20 The present invention provides further
I nprove- nents to the prior commercial process by elimnating the exposure
tolextreme alkalinity and nost inportant provides for the first tine an
econom c process for the production of soy isolates in good yield and
havi ng phytate concentra- 25 ti onéof 0. 3% by wei ght or bel ow. The soy
protein raw material for the process is defatted soybean, preferably
defatted soy flour or defatted soy flakes. The process involvas form ng an
9 aqueous aguieuisoscdutdOn Hfotsah RICYRINoR PR 9k dini the XUy HiBtein
contai ni ”Qo?a‘fir'&%fe%fni dontdiniinyg nelw imdteden £ o 1t nig Ade imemedntoo any
particul ar Type of defatted sg)ébean r aw rmtu%zr)aifral nor f'sd%'%atl_{ggnded toy
limit the liMdiéntihen Iyeiiy Wh&d Ay RARTHS prdarthg T s Faw mat erial |
si nce manygoydiain Gaw aaterdyalie nadd sieipenidi tepdesbree heimit i the obj ecti ves
of the pracess. .A preferred.procedid e d s as §o11.qus. - ie {mididdwextraction
slurry is 'P3ERsd te?d%nﬁ’g%\%sﬁ agitation, one E%)‘;ar(ﬁa%yﬂf\;\ei ght of soy |
protei n coatt@rniiadg rsshpce many mo ifications may be made depending
upon the various objectives.of the process. -
A preferred procedure is as follows. ; o
The initial extraction slurry is fermed by adding with \;)
agitation, one part by weight of soy protein containing raw
material to e.g. 10-20 parts by weight of aqueous slurry.
‘medium, e.g. water, at a pH of 8-10 and temperature above
65°C. Although higher pH's may be employed, it has been
found that at such higher pH's, there is a tendency to '
‘increase the undesirable formation of lysinoalanine.:
Preferably, the pH is 8.5 to 9.5. Preferably the temperature
is 70°C to 85°C, and most preferably 75°C to 80°C.
Although temperatures higher than 85°C may bé satisfactorily
employed during extraction, it has been found that at such
higher temperatures there is a tendency to increase the
undesirable formation of lysinoalanine.' The slur;y is
maintained at the desired pH and temperature for 1 to 15, . W/
and preferably 2 to 5 minutes. ' 5
Thereafter, the temperature is reduced rapidly to
25°C to 65°C, preferably 50°C to_60°C, and most preferably
to 55°C to 60°C and the slurry maintained at such
temperature for an additional 10 to 60 minutes, and
preferably 10 to 30 minutes, to continue extraction of the
soy protein from the raw material.



material to e.g. 10-20 parts by me|6Qt of aqueous slurry medium e.g.
water, da a pH of 8-10 and tenperature above [err]. Al though higher pH s
may be enpl oyed, it has been found that at such higher pH s, there is a
tendency to increase the undesirable formation of |ysinoal anine.
Preferably, the pHis 8.5 to 9.5. Preferably the tenperature is [err] to

[err]i and nost preferablypher &hsbguiﬁérkza&wﬂusanﬁsmfﬁgw Q‘Eﬁ{e 3

than [err] may be satisfactorily enpl oyed during extractio

found that at supbritigheoft ehpcphytaesst bndecasbohyerseasyis %éﬁ&f@@é& £6m
undesirabl e formation of |ysinoalanine. The slurry is maintained at the
desired pH and t &hpesgdubiligediprotésn finadcpiehebpbégnientional nsdrid
Thereafter, the tenperature is reduced rapidly-to [err] to [err],

preferably [err]sFBaFéF#Pn &ﬁétn§§P°9$§¢érab¢g LX) félt?attD$eor]cenmrrhe

sl urry“mai nt guch tenperature for an additional 10 to 60 m nutes,
and preferabﬁ& 1 “98 ™% nutes, to continue extraction of the soy protein

f h terial | { { tant] al
bort1 on of the phytates andh §a?§§§9§ﬂ?e§é’?§eé§ BF S EARGTD e ot | G .o
protein fracti OnvhluEQn‘f?Qt a%@&%%&%%?%ﬁé'&’&ﬁﬂié o Procein S ond? %he

filtration or centri-
phytic acid complex and for ma;ntaining the phytates and

phytic acid derivatives substantially insoluble. Under some
—/ 10. manufacturing conditions, however, other temperature ranges
may prove to be more suitable since the temperature at which
the phytate solubility is fermed has an effect on the
physical nature thereof which affects its filtration and
Ceﬁtrifugation characteristics. Empirical selection of the
15 opfimum phytate solubilization temperature for eny given
manufacturing arrangeﬁent is, of course, desirable.

‘The pH of the solubilized protein fraction is
adjusted to PH 5.0 to 5.5 and preferably pH 5.2 to 5.4 and
most prefefabiy 5.3, e.g. with a non-toxic water soluble acid such

20 as hydrochloric acid to precipitate the.sblubilized soy
”érotein. Although §H's'highernthaﬁ 5.5 may be employed,
such pH's fend to deerease the-yield of soy protein. The
preﬁeih is precipiteted out of the'soiubilized protein
fraction at a temperature of 25°C to 65 C, preferably 50 °c

25 to 60°C. | |

The precipitafed.protein is separated from sugars,

soluble phytete; etc., by centrifugation or other conven-

tional means; The éH selected will preeipitate the heat



The foregoing tenperature ranges are the optimum val ues for dissociation of
the soluble soy protein fromthe phytic acid conplex and for mnaintaining
the phytates and phytic acid derivatives substantially insoluble. Under .
sonme 10 manufacturing conditions, howey, ot her tenperature ranges nmay
prove to be nore suitable since the tenp ature at- which the phytate
solublllty is forned has an effect on the.physical nature thereof which
affects its filtration and centrifugation characteristics. Enpirical
selection of the 15 opti nmum phytate solubilization tenperature for any

gi ven margg y{wa F6REYAEE NbukSwidll 8QU6wEchdesonable pRpeakl @b the
sol ubi l.i zed protein ractlon ds adjusted to pH 5.0 to 5.5 and preferably pH

5.2 to 5. veavwlsmtouteiﬁrehb.ywae&,. ePgoteiinkphytatet esmplert @il3ohakl e
acid such 20 as hydrochloric acid to precipitate the solubilized soy ..
protein. foimpugineé! aththhier pihboth. prokeibs engl phytateschrpH s tend to™
decrease the yield of soy protein. The protein is precipitated out of the”
sol ubi | | megyptively ehargedn aSugh: ansomplexewenlds formoagsor, bglewer abl y
50 C 25 to gerr] The precipitated protein-is separated from sugars,

sol ubl e pPRt etc., by centrifugation or other .conven- tional neans. The

pr select ed 'l phe pgﬁgt %b@&gnt Bealtibn (315 WdsHRY HYEits o) Wi 1|

all ow the solu
obtained by carrying out the process of this invention

is preferably dried, e.g. spray dried. In this connection,
the procedure may for instance be as follows. = w,

The prec;pitated and separated protein may be
washed with water, then it may be resuspended in .water, the
suspenSion wet milled, and then spray dried or lyophilized
Alternatively, protein curd may be redissolved in dilute
agueous solution at a PH 1n excess of the isoelectric range
and the resulting solution Spray dried as is known in the
art for the production of so-called soy proteinates.

Finally, rather than spray drying, the precipi-
tated and separated protein may be redissolved at a pH in &/
excess of the isoelectric range, and the resulting soy
proteinate solution may then be formulated w1thout drying
into dietary products by combination with the desired
carbohydrate and fat ingredients and. if desxred, v1tamins,
minerals, flavors, etc. This is not only a convenient mode
of operation from the standpoint of combining the various
ingredients, but also it affords a liquid dietary product
having improved functional characteristics such as solu-

bility, suspendability, viscosity, mouth feel and emulsion

stability.



be washed out in the whey. Protein-phytate conplex will not form since at
sdhis pH both proteins and phytates are negatively charged. Such a conpl ex
woul d format or below pH 4.5. The soy protein fraction (e.g. washed
protein curd) obtained by carrying out the process of this invention is
preferably dried, e.g. spray dried. |In t§s connection, the procedure may
for instance be as follows. The precipitat’ed and separated protein may be
washed with water, then it m th?fesus ende in water, the suspension wet

mlled, and theF? SSRAESYIRG LP RIRFTSRPT AR PESTERY yINYPRELPRY cur d
may be redisduyaseen Eohnd &mﬂiﬁabtsesmwaprpattbctpl-br naetessionf the

I d I h
it Tor {HER bR enes Arons | oRtr Ay OISR SF AR Rct il e [N

spray ‘dryiphy,of mrepx:mnpatmra.t eth%tndelmﬁp'aamee,l of mmwm’s’abeon edkBeol ved

at a'pH i g Sof’fwéml ellb tfé ﬁ‘r@@ efPhdtfoh S TERE A@ber of
protei nate solution may t e for ated w .t hout d;g golnto dietary

product s ByimeSbHtRRtFON Wr?‘hrt% R X EERCERDo iR SR ¥ havgpedfent s

and, if desoffceatyid alhfuenéd sl the fHeeWIts Sb€ainddis is not only a
convenient node of operation fromthe standpoint of conbining the various

i ngredients, but also it affords a liquid dietary product having inproved
functional charpieéeineéncionsuid Bklustratdd | by ythesubpkhoaingity, viscosity,

nmout h fee]Efgmbf@glsion stability.

/

S EXAMPLE 1

One kilogram of defatted séy flour is slurried
with 16 kilograms of hot water at pH 9 and maintained at
75°C for 2 minutes. The slurry is then cooled rapidly to
50-60°C and extracted for 10-30 minutes longer. The insoluble
portion is separated by centrifugation. The pH of the
supernatant is adjusted to pH 5.3 with hydrochloric acid,
and the insolubilized prqtein curd which precipitates out is
separated by centrifugation. The curd then may be washed
once by resuspending it in 10f16 kilograms of water at pH
5.3-5.4 and at a temperature of_50-60°C and then recentri-
fuged. The washed curd is collected and may be sfray dried
as is, or neutralized first with an appropriate alkali and

the spray dried.
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In carrying out the process of the present invention, it has been found

advi sabl e to pay particular attention to the tenperature of extraction,  the
pH of extraction, the pH of precipitation, the tenperature of

precipitation, the anmount of washing, the Iength of extraction and the
nungpber of times the soy flour is retﬁg%{ gp these factors having a

noti ceabl e i nfluence on the results aine The invention is illustrated

by the foll ow ng Exapd 2%% ede maaG&ﬁekulqg%a aQ%E@%E%p Qﬁsflour S

slurried with 16 kil ogr at pH'9 nalntalne at 0 75 C
for 2 mnyigh tHee SH1NGWine dedsiiterol ed rapidly to 50-60 C-and extracted
for 10-30 m nutes |onger. . The insoluble. portion is separated by
centrifugation. The Ppﬂ:ﬂ'un‘nﬁ Phytate paidaVield adj Soyedsiodatidss. 3 with

hydr ochl ori ¢ a@mkpaaed Aeednddsiquitid ithed Progesisn ofutheInventien pi t at es,
out is sepagated by centrifugation. The curd then m - be washed once by \f\
resuspendﬂhﬁﬂthﬂﬁ%ﬁO 16 kil o el (&ise sodja te /3100q/ sgr x) _
tenperature of [err] and then recentri - fuged The washed curd i's
col l ected arft y be spray dried as is, or n@&r@hllzed first with an
appropri ateoaldgal I and the spray dri ed.

28.9
0.05 o ~ 30.5 '
10 0.05 30.9 ]
0.11 | '29.9 o/
0.07 30.4

a. Commercial soy isolates have a phytate content of
2-2.5%*and these values illustrate that the soy
15 isolate of the instant invention has only about
1-5% of the phytate content found in commercial
soy isolates.

Comparison of Aluminum Content of Soy Isolates.
Prepared According to the Process of the

20 Invention and Commercial Soy Isolate (EdiPro A)
_ Sample 1 Sample 2 EdiPr§ A
Aluminum - 7.5 6.2 . 24-40 '
(mcg_/g). x - o S : . U
Phytate % 0.11 - 0.13 ' >2
- 25 The above data clearly demonstrates the ability of

the instant process to produce soy isolate'havihg substan-
tially'no'éhYtates.ét relatively good yields with signifi-

cant reduction in aluminum content.

* by weight



13 EXAMPLE 2 The process of Exanple 1 was i‘4|-epeat ed six times with the
followng results: Percent Phytate and Yield of Soy Isolates 5

Prepared According to the Process of the Invention % [err] %
Yield (g soy isolate/100g soy flour) 0.02 31.3
0. 03 . .28.9 0.05 .

30. 5§ 10. 0.05 : EXAMPLE3@B 9 0. 11

29:9 0.07 30. 4 a. Commerci al soy isol ates
have a phytate content ofO®- ?@5@1@%@% We e prepared acsorddng ke thg
15 |sol te of gﬁ I n a entlon q-s only about 1-5% of the
phyt at e conterﬁr‘? Jariat %#ﬁh%ﬂcﬁ-ﬂ°ﬂl tempeNT

f P
L nventi on aﬁg%‘?%?“c’?%&éo?'ff %é&‘i{%aaq% Brsameror dn 88 SB1guing
Edi Pre<A /g umgitile., THe % phytate in Gflaished soy isolatl Q%QQQ.LId. is

also includéd.

Sample Extrastion .Precigitation *
No. Temp In "C pH pH % Phytate 8§ Yield
1 75 9.0 5.3 0.02 31.3
10 2 65 9.0 5.3 0.46 32.7
~ 3 88 9.0 5.3 0.04 29,9
4 75 8.0 5.3 0.20 28.6
5 75 10.0 5.3 0.08 32.5
6 75 9.0 5.2 0.06 31.4
15 7 75 9.0 5.5 0.02 29.4
8 40 . 8.0 5.3 0.41 28.0
9 75 9.0 4.5 0.54 31.3
10 40 8.0 4.5 1,96 32.9
L As shown above, very low phytate content can be

20 achieved when the soy isolate is prepared under the experi-
mental conditions deccribed in this patent application.
Medium range phytate content can be achieved if some of the
teachings of this application are employed, such as when
commercial extraction conditions are combined with the acid

25 precipitation conditions of instant application (sample 8),
or when the protein extract conditions of instant applica-

tion is combined with the typical pH of precipitation

* by weight



Phytate % 0.11 -~ 0.13'5 >2 25 The above
data clearly denonstrates the ability of the instant process to produce soy
i sol ate having substan- tially no phytates at relatively good yields with
signifi- cant reduction in alum numcontent. * by wei ght EXAMPLE 3 Soy

vari ati on ReEReoef - o ERBRIE, 16 BhOLRItyB1ddl ROMATIAS, For paeaTal 1 (1
shown i n t?f‘ 3 0L 0%, egcéa&aghg 1s$h‘até) Wi)(:fhati%sl mifgmlpﬁwt@wdn%@n%te -

and yield al.so rnc raction Precipitati on No.
Temp In C  pH pH®% [err] % Yield 1 _ 75 9.0 5.3
0. 02 - 31.3 10~ 2 ' 65 9.0 5.3 ' 0. 46
32.7 3 88 9.0 5.3 0. 04 . 29.9 4

75 : 8.0 2.3 i' ~.0.20 - 28.6' 5 = 75 10. 0.~
5.3 0. 08 32.5 6 _ 75 .9.0 5.2 Y
0. 06 31.4 15 7 75 9.0 5.5 ' 0.02 -
29.4 8 40 8.0 5.3 0.41 _ 28.0 9

75 9.0 4.5 0.54 31.3 10 40 8.0

4.5 1. 96 32.9



As' shown above, very |ow phytate conte can be 20 achieved—when-the soy
rsol ate is prepared under the experi- ntal conditions iﬂiirlbed in this

pat ent application. Mediumrange phytate content can be ﬂﬂﬂﬂ" HEWﬂ"of

the teachings of this application are enployed, such as
extraction conditions are conbined wwth the acid 25 preC|p|tat|on-

condi(ti onsg g@lh%stant application (sanple 8), or when the protein extract
conditions tant applica- tion is conbined with the typical pH of

precipitation * by wei ght (sanple 9). Sanple 10 shows typical conditions

~for prepara- tion of comrercial soy isolate with its high phytate.content.
CLAIMS 1. A process fdr pRAepaocegsafomyppepaeingi aokeyeprotéini epidcant |y
reduced al umi_num content and substan- tial.ly free of phytate which

conpri ses t Wé&hi Adgniddcantdy seduced alwminumrcahtenhtandisupstynpr ot ein

by foMm ng | urry with an aqueous nediumat a pHw thin the range of pH
8 to 10 andééflz gﬁé&r&ﬁu? Y&BG?ewhscb FeﬂpﬁiﬁﬁﬁlgﬁeéﬁiEGTﬂaé&ﬁittﬂdnu to

So 0l Ur s EBEpRaY BaRt BaferdHl EERERInTAL 86y prdlefh By idiming P ™' M

5§ slurry with an aqueous medium at a pH within the range of pH
8 to 10 and at a temperature above 65°c for a period of time .
sufficient to solubilize the soy protein but reduce extrac-

(O tion of phytates; separating séid slurry into an insoluble

fraction containing a substantial portion of the

10 polysaccharldes and 1nsolub1e phytates and a soluble frac-
tion which includes the solubilized soy protein; adjusting
the pH of said soluble fractlon to 5.0 to 5.5 to
precipitate. the Soy protein and thereby produce a Whey

fraction containing soluble phytate and a soy protein solids

15 fraction having a phytate concentration not more than 0.3%
_by weight; washing this latter fraction in an aqueous medium;
and separating the suspended SOy protein sblids fraction
L from this aqueous wash medium.

2. The proéess of claim 1 wherein said soy

protein fraction is dried.

3. The process of claim 1 wherein said soy
protein fraction is'formed into an aqueous solution at a pH

in excess of the isoelectric range of said éoy protein.
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fraction containing a substantial portion of the 10 olysaccharldes and ",

i nsol ubl e phytates and a soluble frac- tion whi ci,!ll’ "hlm”"mamml ubi lized
soy protein; adjusting the pH of said soluble fr 5.0 to 5.5

to precipitate the soy protein and thereby produce a whe y trdcti*on

cont ai ni ng sol ubl e pbyta&gea goé §gy83r€;giﬁ § hg§e ;i&c%gfn having a

phyt ate concentration not nD y wei ght |ng s latter

fraction |praaegguggaetmaﬂ|ﬂg}agmdaseparatlng t he’ suspended soy protein
solids fraction fromthis aqueous wash nedium 2. The process of claim1l

wherein said soy protein fraction is dried. 3. The process of claiml
wherein said soy protein fraction is fornmed into an aqueous solution at a
pH i n exces$®-of TheeProgesscofl anvamfe drims d sy pmhestein saild dgueous
process of claim 3-wherein said soy protein fraction.is dried.. 5. The _,
process ofmaﬁyumfi§|u¢ﬁer1aaé QaiﬁeﬁeYnP§a$€1aq9@bE§ Ring rav smateriaknd

said soy prote n c naterlal lurried therewith in a ratfd“
of one part3of Pﬁﬁgﬁé

thezgvifh' gn 8 53?%9 "0f GRE RRTbIOfcrey materinl |
f | ht of d t .
Cont ai ni ng ¢§, 1020 ?ngig'ﬂl’ PEsgAE oF Yﬁgﬁg-pa?t_ssﬁ'y méféhf ot ékgt_er.

6. The process of claim 5 wherexn one part by
wexght of sald soy protein contaznzng raw mater1a1 is

slurried with 16 parts by weight of water.

7. The process of any of claims 1 to 6 wherein said sby}
protein raw mater1a1 is malntalned in sald slurry at 70 C to
85° C for 1 to 15 mlnutes and for an additional 10 to 60
mxnutes after said slurry temperature is adjusted to 50°C to

5 60°.

_ 8. The process of claim 7 wherein the pH of said
soluble fraction is adjusted to pH 5.2 to $.4 after the U
. separation from said spent solids at a temperature of

50°c to 60°cC.

9. The process of claim 8 wherein the pH of said

solubilized soy protein solids is adjusted'to pH 5.3.

10. The process of any of clalms 1 to 9 where1n sa1d defatted

soybean raw material is defatted soybean flakes.
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7.7 The process of any of clains 1 tolgv\,herei n sai d-soy prdtei T raw

materi‘al’ is maintained in said slurry at 70 Cto [err 5 m nutes
and for an additional 10 to 60 m nutes after said sl uJI ﬂH |"ﬂl's
adjusted to [err] to 5 60c. 8  The process of claim 7« &I My ' of

said soluble fraction is adjusted to pH 5.2 to 5.4 after the separation
from sai d dgent Thel pioceissa dfemnyr afuicd adins] 4" th 10 Wilerein onel Har §HESS
of claim8 wherein the pH of said solubilized soy protein solids is

adj usted t owelight3ofl@aidThawPhatessadf iany1etrebd with 16 Parbergyn said
defatted soybean raw material is defatted soybean fl akes. 18 11. The.
process of sejighit cdfawater adjhetelletei pHofcandratby vempéta®hreavf raw
material is sbprried with 16 parts by weight of water adjusted to pH 9 and
at a_tenper ddufe for 25minhges? sandt e3prsyi thehucogledeto c A0 IQ drai r]
and 5%tirred for _an additional  10-30 m nutes, said slurry then being
separ at ¥ | #ESTXRY; £9%) @B additdppah 1073 0 miptes, csxidagluray, thénsbeing ng

35 o chy SppaERRSEL AR B dnkSkBls; REnBEISh AR8ch e S En FERcH PRl o
protein cur g JRslisng 131a°3hdoRhBIS' Pridtfon’ ila0adlsLRS Sely g S Of

water at pH
said soluble fraction to 5.3 thereby precipitating a protein .

curd from said slurry,separating said protein curd, washing
' 10 said protein curd with 10-16 parts by weight of water at pH 5.3 to
5.4, and separating said washed protein curd from said wash

water.

12. The process of claiﬁ 11 wherein said washed

protein curd is.dried.

13. The process of claim 11 or 12 wherein the pH of said

washed protein curd is formed into an aqueous solution at a

U pH in excess of the isoelectric range of said soy protein.

14. The product produced by the process of

claim 1.

15. The product produced'by the process of

claim 2.

16. The product produced by the process of

claim 3 or 4.



9 .
5.4, and separating said washed protein curd fr 12. The "~ =
process of claim 11l wherein said washed prote i\ﬁﬂ ﬂﬂLB The - .
process of claim11l or 12 wher ei n the pH of s | curd is .

forned into an aqueous solution at a pH in excess of the isoelectric range

sai d soy protei n mw W claim1.

{ The: pr oduct pro ced E& P}:a procéﬁ; of - cl al mé}*?lpgtr p%duct
producedcq$_h? yPoe@ss of claim3 or 4. 19 17. The product produced by -
the process of claimb or 6. 18. The product, produced-by the process of
claim 7, 8 or 9. 19. The product produced by the process of claim10, 11,
12 or 13. 20.. A process for preparing a soy protein isolate substantlally
free of phytate andl8i.t h Thiegpriciduatt [prodbest bl the rprooesg ef whi ch
conprises in sequence the steps of: a) form ng an aqueous slurry of a .-
defattedclaim 7, 8 or 9. _ . _ NS

L

19. The product produced by the process of o

claim 10, 11, 12 or 13.

20. A process for preparzng a soy proteln isolate
_ substantlally free of phytate and w1th 51gn1ficant1y reduced:
| alumlnum content which comprlses in sequence the steps of:
a) forming an aqueous slurry of a defatted
5 : soybean rew_material at a"pa within the
| : range of 8-10 at a temperature above
65°C for a period of 1-15 minutes to
soiubi;ize the soy protein; |
b) reducing the temperature to 25e65°C for
10 | _ | a period of 10-60 minutes; H
| | c) separating said.slurry into an insoluble ; o/
fraction and a”soluble fraction which
includes the solubilized soy protein;
da) adjusting the pH of said soluble frac-
15 - o tion to pH 5.0 to 5.5 with a non-toxic
| - water soluble acid at a temperature of
25-65°¢ thereby precipitating and

separating said soy protein isolate
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5.

) - soybean raw mategy al at a pH within the range of -
-10 -at- a tenperature above 65 C for a p%g od of 1-15 rn“mmﬂulnuﬂﬂmmr ize
t he soy protein; b) reducing the tenperature to [err] '

a period of 10-60 mi nutes; c) separating said slurry i'nt6 ah ithsd ubll e
fraction and a soluble fraction which includes the solubilized soy protein;
d) ; adjusting the pH of said s&@Y}ngd @ phytpte concentration not more |,
to pH 5.$Rto 5.5 with a non-toxithame3$s byulwed ghti dndl wa the ighdifilcantly

25-65 C Thereby precipitating and se ing said s rotein isolate 20
havi ng a phytate concentration ) r%?:a%mq"um content. than 0.3%

by weight and with significantly reduced al um num content. 21. The process

of claim20 wherein s2Ep (PHe igrctlss oF ellaim 20Hwhkr8ih keeB. Paptiferr]

for 1-15 mnutes; step (b) is carried out at [err] for 10-60 m nutes; and

st epd) i s cammiest cutt att giHAX 3.5 4cal.Beat] 702B5°CTiferpletsshinttespi m

21 wherein step (a) is carried out at pH 8.2 9.5 at [err] for 2-5 m nutes;
step (b) is carried out at 50-60 C for 10-60 minutes; and

step (d) is carried out at pH 5.2-5.4 at 50-60°C.

22. The process of claim 21 wherein step (a) is
carried out at pH 8.5-9.5 at 75-80°C for 2-5 minutes;
step (b) is carried out at 55-60°C for 10-30 minutes; and

step (d) is carried out at pH 5.3 at 50-60°cC,



.step. (b) IS carrled out at [err] for 10-30 n1nutes n IS carrled
out at pH 5.3 at [err]. 21 23. A pro ps as wumﬁ‘ mg or
substantially as described in respect of any of nples ' 24.
The product produced by the process of claim 20, 21 22 or 23

\ 23. A process as claimed in claim 1 or 20,
substantlally as described in respect of any of the
foregoing Examples. N
24. - The product produced by the process of claim

.20, 21, 22 or 23.
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