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(Convention de La Haye du 5 Octobre 1961)

1. Country: United States of America
This public document
2. has been signed by SALLY A RAKESTRAW
3. acting in the capacity of NOTARY PUBLIC, COOK COUNTY
4. bears the seal/stamp of STATE OF ILLINOIS
Certified
3. Chicago, Illinois
6. DECEMBER 14, 2004
7. by the Secretary of State, State of Illinois
8. No.C04JW27577

9. Seal/Stamp: . Signature:
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JESSE WHITE
SECRETARY OF STATE
STATE OF ILLINOIS
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State of Illinois)
) 83

County of Cook ) V3AS WIDH40

I hereby certify that before me in the County of Cook,
in the State of Illinols, personally appeared AHMAD AKASHE,
personally known by me, who then and there was duly sworn by
me, and under oath acknowledged that the foregoing Assignment
was duly signed, sealed and delivered by him on the date
appearing at the foot thereof.

A . 3 ,zoo.%ﬁﬂéﬂu«r’

tary P

My Commission Expires 5[&.[04

personally appeared RONALD LOUIS
me, who then and there was duly

Assignment was duly signed, seal

and delivered by him on the
date appearing at the foot thereof.

¢ 2004

Notary Public
My~Ceommission -Expizes
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Los abajo firmados:

AHMAD AKASHE domiciliado en 817 Castleton Court, Mundelein, lllinois 80060,
Estados Unidos de América y RONALD LOUIS MEIBACH domiciliado en 1408
Counrty Lane, Deerfiled, lllinois 60015 Estados Unidos de Amaerica.

Aqui nombra a JERONIMO CASTILLO BONILLA y/o XIMENA BONILLA PEREIRA
y/o ALVARO CASTILLO GRAU, domiciliados en ia Calle 93A No. 14-17, Bogotd,
Colombia, conjunta, altemativa ¢ indistintamente como apoderados con poder
especial y suficiente para solictar y obtener de las oficinas competentes y
autoridades de Colombia la Patente de Invencibn para METODO DE
PREPARACION DE PRODUCTOS DE QUESO CON CONTENIDO DE SOYA DE
ALTA CALIDAD para ser expedido en nombre de KRAFT FOODS HOLDINGS, INC,
g?nrréliciliados en Three Lakes Drive, Northfield, lllinois 60093, Estados Unidos de
rica.

A quien ha sido hecho el traspaso de todo derecho y titulo de dicha invencién para
el territorio de Colombia sin ninguna restriccion.

El cesionario también firma el presente en sefial de aceptacién de dicho traspaso y
aqui autoriza a dichos apoderados para tomar todos los pasos necesarios ante
dichas oficinas y autoridadespara el proposito armriba indicado; para hacer
peticiones, declaraciones y reivindicaciones y para tomar todos los medios que
dichos apoderados consideren conveniente para la guarda de los intereses del
constituyente.

Este poder incluye las facuitades de recibir, desistir, renunciar, comprometer,
tranzar, sustituiio todo o en parte, revocar sustituciones, recibir notificaciones y
nombrar apoderados judiciales. Los apoderados mencionados pueden ejercer este
poder altemnativa o indistintivamente.

FIRMAS:

AHMAD AKASHE
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APOSTLE,

APOSTILLE

(Convention de La Haye du 5 Octobre 1961}

Country: United States of America
This public document
has been signed by SALLY A RAKESTRAW
acting in the capacity of NOTARY PUBLIC, COOK COUNTY
bears the seal/stamp of STATE OF ILLINOIS
Certified
Chicago, Illinois
DECEMBER 14, 2004
by the Secretary of State,' State of Illinois
No.C04JW27576

Seal/Stamp: . Signature:

MW@

JESSE WHITE
SECRETARY OF STATE
STATE OF ILLINOIS



I hereby certify that before me in the County of Cook,
in the State of Illino personally appeared AHMAD AKASHE,
personally known by me, w hen and there was duly sworn by
me, and under cath acknowledged, that the foregoing Assignment
was duly eigned, sealed and delivergd by him on the date
appearing at the foot thereof.

+ 2004

Notary Public
My-Cemmi-s sien—-Expi-res

OFFICIAL SEAL

State of Illinois) SALLY A RAKESTRAW
) 83 NOTARY PUBLIC, STATE OF RLINO'S
County of Cook ) MY COMMMNON Dihes:08/02/0

I hereby certify that hefare me in the County af Coak,
in the State of Illinols, personally appeared RONALD LOUIS
MEIBACH, personally known by me, who then and there was duly
sworn by me, and under oath acknowledged that the foregoing
Assignment was duly signed, sealed and delivered by him on the
date appearing at the foot thereof.

/&c‘ .3 <., 2004 WW
_ otary @ubllc

My Commission Expires 5/ /0 !




Los abajo firmados:

AHMAD AKASHE domiciliado en 817 Castleton Court, Mundelein, lllinois 60080,
Estados Unidos de América y RONALD LOUIS MEIBACH domiciliado en 1408
Counrty Lane, Deerfiled, Illinois 60015 Estados Unidos de America.

Aqul nombra a JERONIMO CASTILLO BONILLA y/o XIMENA BONILLA PEREIRA
y/o ALVARO CASTILLO GRAU, domiciliados en la Calle 83A No. 14-17, Bogotd,
Colombia, conjunta, altemativa o indistintamente como apoderados con poder
especial y suficiente para solicitar vy obtener de las oficinas competentes y
autoridades de Colombia la Patente de Invencién para METODO DE
PREPARACION DE PRODUCTOS DE QUESO CON CONTENIDO DE SOYA DE
ALTA CALIDAD para ser expedido en nombra de KRAFT FOODS HOLDINGS, INC,
domiciliados en Three Lakes Drive, Northfield, lllinois 60083, Estados Unidos de
América.

A quien ha sido hecho el traspaso de todo derecho y titulo de dicha Invencién para
el territorio de Colombia sin ninguna restriccién.

El casionario también firma el presente en sefial de aceptacién de dicho traspaso y
aqul autoriza a dichos apoderados para tomar todos 108 pasos necesarios ante
dichas oficinas y autoridadespara el proposito amiba indicado, para hacer
peticiones, declaraciones y reivindicaciones y para tomar todos los medios que
dichos apoderados consideren conveniente para la guarda de los interegses del
consfituyente. Este poder incluye las facultades de recibir, desistir, renunciar,
comprometer, tranzar, sustituirio todo o en parte, revocar suatituciones, recibir
notificaciones y nombrar apoderados judiciales. Los apoderados mencionados
pueden ejercer este poder altemativa o indistintivamente.

FIRMAS:

AHMAD AKASHE

RONALD LOUIS MEIBACH
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UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

November 19, 2004

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A

FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 10/696,636
FILING DATE: October 29, 2003

By Authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS
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{for Noncontinuing, Nonprovisional Applications
under 37 C.F.R. §1.63(b})

Attomey Docket No. 77080
Customer No. 22242

031088 U.8.PTO
10/696636
e

Mail Stop PATENT APPLICATION

. CERATIFCATE OF MAILING BY "EXPRESS MAIL"
Commissioner for Patents BY
P.O. Box 1460 "Express Mali® Maling Label Number

Alexandria, VA 22313-1450 EY 223494268 US

Deteof Deposht _Qcicher29,2003

{ harsby cartify that this paper or fee is being daposited
with aufficlamt posiage utiizing the United States
Postal Service "Exprass Mali Post Office 1o Addrassas"”
Service under 37 CFR 51.10 on the dxte indicated
sbove and o acddressad to the Commissionsr for
Patants, P.0. Box 1450, Alaxandria, VA 223131450,

Sir:

Transmitted herewith for filing under 37 C.F.R.
§1.53(b) is the nonprovisional, noncontinuing
patent application for:

Title: METHOD OF PREPARATION OF HIGH
QUALITY SOY-CONTAINING CHEESE
PRODUCTS

Egwary Price
{Typed or nams of pargon

{Signatum of

First Named Inventor or Application Identifier:
CHEN et al.

Tt N Tt ¥ T T W g apet fapef Saget e’ daged Tags® Tegsd Tamet  Saget

a 32 pages of the specification {including claima) are enclosed.
a 11 ___ sheet{s} of drawings are enclosed. O Formel 8 Informal
g An axecutad Oath or Daclaration and Power of Attormey naming the actual inventors ls
enclosed.
B The names of persons belisved to be the actual inventors are set forth in the enclosed
unexecuted Oath or Declaration and Power of Attormney (§1.41(a) and §1.63(b}).
O An Assignment of the invention to , and cover sheet are enclosad.
O A check In the amount of $_____ to cover the fee for recording the assignment is
enclosed.
8 Tha Recordation Form Cover Sheet includes authorization to charge our Deposit
Account for recording the assignment.
g A 37 C.F.R. §3.73(b) statement is enclosed where an ssaigneo seeks to take action.
Nencontinuing Udifty §1.53f)-1-0903

Copy provided by UBPTO from the IFW image Datsbase on 11/16/2004



Attomey Docket No. 77060

An Information Disclosure Statement is enclosed.

0 A Form PTO/SB/O8 is enclosed.

0 ___ References {copies) listed on the Form PT0O/SB/O8 are enclosed.
A Retumn Recelpt Postcard is enclosed {MPEP 560Q3).

Priority of application number filed on In is claimed under 35 U.S.C.
§118.

O A certified copy of the priority document ls anclosed.

A Computer Program Listing Appendix is enclosed.

A Transmittal Cover Letter for Computer Program Listing Appendix is enclosad.
O Two {2) Compact Discs are snclosed.

A Nucleotide and/or Amino Acld Sequence Submission is enclosed.

o

A Computer Readable Copy is enclosed.

A Paper Copy {ldentical to Computer Copy) is enclosed.

A Statement Verifying Identity of above Copies is enclosed.

The filing fas is calculated below:

Fae Calculation For Claima As Filed
Basic Feo $ 770.00
independent Claims 2 - 3 = 0 x§ 8800 =1% 0.00
Total Claims 18 - 20 = 0 x & 18.00 = § 0.00
Fee for Multiply Dependent Claims $ 290.00

Total Filing Fee $ 770.00

Applicant(s) assert entitiement to Small Entity Status
(37 C.F.R. § 1.27), reducing the Filing Fee by half to: $ 0.00

A chack in the amount of § to cover the filing fee is enclosed.

Charge $_770.00 to Daposit Account No. 08-1136.

The payment of the Filing Fee Is to be deferred until the Declaration Is filed. Do not
charge our Deposit Account.

Noncantihuing Uity §1.53()-2-0903

U K

Copy provided by UBPTO from the FW tmage Datsbase on 11182004



Attornay Docket No. 77060

B A separate written request under 37 C.F.R. §1.136{a)}{3), which Is a general
suthorization to treat any concurrent or future reply requiring a petition for an axtension
of time under 37 C.F.R. §1.1368(a) for its timely submission as incorporating a petition
for an extension of time for the appropriate length of tima, is enclosed.

The Director is hereby authorized to charge any additional fees which may be required
in this application under 37 C.F.R. §5§1.18-1.17 during its entire pendency, or credit any
overpayment, to Deposit Account No. 08-1136. Should no proper payment be enclosad
herewith, the Director is authorized to charge the unpeid amount to Deposit Account No.
08-1136. This sheet is filed in triplicate.

Also enclosed:

Address all future communications to CUSTOMER NUMBER 22242.

- QOctober 29, 2003 /Z-’\
Date Richard A. Kaba

Registretion No. ______ 306682

FITCH, EVEN, TABIN & FLANNERY
120 South LaSalle Street, Suite 1800
Chicago, lllinola 80803-3408
Telsphone: (312) 677-7000
Facsimlle: (312) 577-7007

Noncontinuing Utilty §1.53(b)-3-0903

73

Copy provided by USPTO from the IFW image Dutsbase on 11/18/2004



First Named

. A23484200 U8

Filed: Herewith B
DetaofDeposh ___ October29.2003
Title: METHOD OF PREPARATION OF mﬁvmwmutmm fes ﬂ: buing daposited
HIGH QUALITY SOY-CONTAINING suficlent postage utiizing United States
Postal Sarvice "Expreas Mall Post Offics to Addressae”
CHEESE PRODUCTS Borvics ander 37 CFR §1.10 o the dute Indloated

sbove end iy sddrwssed to the Commissioner for
Putents, P.0. Box 1480, Alaxandria, VA 22313-1480.

Attomey Docket No.: 77080

(Typnd or pr of parson

Customer No.: 22242 (Signatura af person

et Wt e’ gy’ ame ' Ape wpet e e TRE WS WRS WS TR

GENERAL AUTHORIZATION FOR PETITION FOR
EXTENSION OF TIME UNDER 37 C.F.R. §1.130(a){3)

Mail Stop PATENT APPLICATION
Commissioner for Patents

P.O. Box 1460

Alexandria, VA 22313-1450

Sir:

Applicant(s) hereby request under 37 C.F.R. §1.138{a)}(3) by this general
suthorizstion that any concurrent or future reply submitted by Applicant(s) to the United
Statea Patent and Trademark Office for the above-identified patent application requiring a
pstition for an extension of time under §1.136(a) for its timely submission be treated as
incorporating therein a petition for an extension of time for the appropriate langth of time.

If Applicant(s} do not timely pay for any extension fea(s} pursuant to 37 C.F.R.
§1.136(a) which may become due for this application under 37 C.F.R. §1.17 by check, the
Director is hereby authorized to charge such fea{s), and any additional fess which may be
required in this application under 37 C.F.R. §§1.18-1.17 during ts entire pendency, or credit
any overpayment, to Deposit Account No. 08-1136.

o g
Date Richard A. Kaba

Registration No. ____ 30562

FITCH, EVEN, TABIN & FLANNERY
120 South LaSalle Street, Suita 1600
Chicago, [linois 80603-3408
Telephone: (312) 577-7000
Facsimile: (312) 677-7007

Ganeral Authoriration 0903

Copy provided by USPTO from the IFW knage Datsiass on 11/16/2004
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METHOD OF PREPARATION OF HIGH QUALITY
SOY-CONTAINING CHEESE PRODUCTS

The present application is a continuation-in-part appiication of United
States Patent Application Serial Number 08/839,500, filed August 23, 2001,
which was based on, a claimed benefit of, United States Provisional
Application Serial Number 60/250,228, filed on November 30, 2000, both of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

This invention relates generally to the processing of soy-derived
materials for use in various food products, especially cheese products. More
particularly, the invention relates to a method of deflavoring soy materials in
order to make them acceptable In a wide range of foods, Including cheese
producis.

In recent years, soy proteins have become widely used Iin food
products, for the health benefits to be obtained from thair use. In some
applications, the taste of the soy materials Is not objectionable. However, in
some uses, such as dairy analog products, beverages and the like, the flavors
found in soy materials may prevent their ready acceptance by the consumer.
Thus, In order to extend the uses of soy matarials, the present inventors
wanted to find a method of reducing the flavor components of soy materials.
However, it was not evident that methods which had been used previously to
remove flavor components from other organic materials would be successful
in the treating of soy materials. Organic materials, since they have complex
compositions, must be tested to determine whether any given method of
treating them will be satisfactory.

Ono example of previously employed methods to purify organic
materials is found In U.S. Patent 4,477,480, In which the patentees show that
starch can be treated with an alkali to remove objectionable flavor
components. In a commonly assigned patent, U.S. Patent 4,761,186,
ultrafiltration is used to purify starch. In both cases, flavor components are

-1-

Copy provided by USPTO from the IFW Image Daiabase on 11/16/2004
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removed from the starch, in the '480 patent by solubilizing the flavor
components so that they can be washed out of the relatively insoluble starch.
In the '188 patent, ultrafiltration was used to remove the flavor components as
permeate, while the insoluble starch remained In an aqueous slurry. By
contrast, the present invention separates flavor components from soluble high
molecular weight soy proteins.

There are many articles and patents which relate o processing soy
materials in order to recover the protein contant and which at the same time
reduce the flavor compounds to make the proteins more acceptable in food
products. However, these previous disclosures were not specifically directed
to removal of flavoring compounds and recovering as much of the protein as
poasible. Ona example Is U.S. Patent 4,420,425 In which protein
components of soy are solubilized at a pH of 7 to 11, preferably about 8 and,
after ultrafiltration through a membrane having a molecular weight cut off
above 70,000, are recovered by spray drying the retained soy proteins. In
variants, only a portion of the protein Is solubiiized at lower pH values and
subjected to ultrafiltration with a membrane having a cutoff preferably above
100,000 molecular weight, the product was found to have improved color and
flavor. A higher cutoff valve would be expected to result In a loss of valuable
proteins. Iin another patent, U.S. Patent 5,658,714, a soy flour slurry Is pH-
adjusted io the range of 7 to 10 to solubilize proteins, which are then passed
through an ultrafiltration membrane and phytate and aluminum are retained,
presumably as solids. While the molscular weight cutoff of the membrane
was not given, it is assumed that the pore size was large in order to be able to
pass the soluble proteins. Both of these patents contain extensive
discussions of the efforts of others In the processing of soy materials; neither
teaches or suggests the control of pH during the ultrafiltration process.

In a group of related patents, Mead Johnson Company disclosed
processes for solubilizing soy proteins by raising the pH of an aqueous
solution of soy materials and recovering the proteins which are said to have a
bland taste. The processes are principally directed to concentrating proteins

Copy provided by USPTO from the IFW Image Datnbaso on 11/16/2004
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rather than removing flavor compounds. In U.S. Patent 3,995,071, the pH
was increased to 10.1 to 14 (preferably 11 to 12) to solubilize soy proisins,
after which the pH was lowered to about 8 to 10 and ulirafittration with a
membrane having a molecular weight cutoff of 10,000 to 50,000 Daltons was
used to retain the proteins while discarding carbohydrates and minerals. In
U.S. Patent 4,072,870, emphasis was placed on mmovlﬁg phytates and
phytic acid by solubilizing proteins at a pH of 10.8 to 14 and a temperature of
10 to 50°C to make the phytates and phytic acid insoluble, then separating
them and finally acidifying the solution to a pH of about 4 to 5 to precipltate
the soy proteins. In U.S. Patent 4,091,120 soy proteins were solubliized at a
pH less than 10, preferably 7 to 9 and uitrafiltration was ueed to separate the
proteins as retentate, while passing carbohydrates as permeate. These
patent do not teach or suggest control of the pH during the uiirafiliration
process.

The present inventors wanted to remove compounds in soy materials
which contribute color and flavor and which interfere with the use of soy in
certain food products such as beverages, dairy analogs, and the like. They
have found that soy-derived materials can be treated successfully using the
process to be described below, recovering substantlally all of the proteins and
rejecting the compounds which cause undesirable color and flavor.

Moreover, by controlling the pH within the range of about 9 to about 12 during
the ultrafiltration process, deflavored soy materials having improved functional
properties can be obtained. Thus, the product Is suitable for many food
products.

SUMMARY OF THE INVENTION
The present invention provides soy-contalning cheese products
prepared using deflavored soy protein. Broadly, the deflavored soy protein is
prepared using a process wherein an agueous soy composition is prepared
having a soy concentration of about 1 to about 20 percent, which composition
ia then pH-adjusted to solubliize the protein content and to release the

Copy provided by USPTO from the FW [mage Database on 11/16/2004
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flavoring compounds. Then the composition is subjected to ultrafiltration,
while maintaining pH control, using a membrane capable of retaining
substantially all of the protein content of the soy while removing flavoring
components as permeate.

The deflavored soy materials prepared by the present methods are
ideally suited for use in dairy and non-dairy beverages, smoothies, health
drinks, confectionary type products, nutritional bars, cheese products, dairy
and non-dairy yogurts, meat and meat analog products, cereals, baked
products, snacks, and the like. For purposes of this invention, cheese
products Include, for example, natural cheeses, process cheeses, cheese
analogs, imitation cheeses, and the llks.

In one embodiment, the present invention provides a soy-contalning
cheese product comprising a deflavored soy protein material, wherein the
deflavored soy protein material is prepared by a method comprising:

(a) obtaining a soy protein composition containing soluble soy protsing,
flavoring compounds, and insofuble materials;

(b) solubllizing the soy proteins by adjusting the soy protein
composition of (a) to a pH in the range of about 8 to about 12 and releasing
the flavoring compounds;

(c) passing the pH-adjusted soy protein composition of (b) adjacent an
ultrafiltration membrane having a molecular weight cutoff up to about 50,000
Daltons, while maintaining the pH in the range of about 9 to about 12, under
suitable ultrafiltration conditions wherein the flavor compounds pass through
the membrane, thereby deflavoring the soy protein composition and retaining
substantially all of the solubilized soy proteins; and

(d) recovering the solubilized soy proteins retained by the ultrafiitration
membrane, wherein the recovered solubllized soy proteins is the deflavored
soy protein material.

In another embodiment, the present invention provides a method of
preparing a soy-containing cheese product, sald method comprising

Copy provided by USPTO from the IFW image Databass on 11/18/2004
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mixing a deflavored soy protein material and a cheese base .
composition to form the soy-containing cheese product;

wherein the deflavored soy protein material is prepared by a method
comprising:

(a) obtaining a soy protein composition containing soluble soy proteins,
flavoring compounds, and insoluble materials;

(b) solubilizing the soy proteins by adjusting the soy protsin
composition of (a) to a pH in the range of about 8 to about 12 and releasing
the flavoring compounds;

(c) passing the pH-adjusted soy protein composition of (b) adjacent an
ultrafiitration membrane having a molecular weight cutoff up to about 50,000
Daltons, while maintaining the pH in the range of about 8 to about 12, under
suitable ultrefiltration conditions wherein the flavor compounds pass through
the membrane, thareby deflavoring the soy protein composition and retaining
substantially all of the solubilized soy proteins; and

(d) recovering the solubilized soy proteins retained by the ultrafiltration
membrane, wherein the recovered solubilized soy proteins is the deflavored
soy protein material.

In one aspect, the invention Is a method of deflavoring soy-derived
materials such as soy milk, soy flour, soy concentrates, and soy protein
isolates, which method includes preparing an aqueous composition of the soy
material containing flavoring compounds, adjusting the pH to the range of
about 9 o 12 to solubilize the protein content of the soy material and release
the flavor components, and then passing the pH-adjusted composition
adjacent to an ultrafiitration membrane having pores which provide a
molecular weight cutoff up to 50,000 Daltons while maintalning the pH in the
range of about 9 to about 12, thus retaining substantially all of the protsin
content, while passing through the pores the flavor producing compounds.

In ancther aspect, the invention includes adjusting the pH to the range
of about 9 to 12 with an alkali such as sodium, potassium or calcium
hydroxides to solubilize the protein content and releasing the fiavor

Copy provided by USPTO from the IFW Image Dutabase on 11/16/2004
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compounds, making it possible to separate such compounds by uttrafiliration.
Importantly, the pH Is also controlled within the ange of about 9 to about 12
during the ultrafitiration process.

In one embodiment, the Invention is a method for deflavoring soy
materials In a continuous process wherein a pH-adjusted aqueous mixture of
soy materials is passed adjacent an ultrafiltration membrane to separate the
flavor components. The pH Is maintained at about 9 to about 12 during the
ultrafiltration by the addition of the appropriate amount of an appropriate pH-
altering material (generally a base). The permeate containing flavor
components and water |s passed adjacent a reverse camosis membrane to
dewater the permeats and the separated water Is recycled to join recycled
retentate and fresh pH-adjusted soy materials. A portion of the retentate is
continually removed and the deflavored soy materiala recovered.

In a preferred embodiment, the invention is a method for deflavoring
soy materials In a batch or seml-continuous proceas wherein a pH-adjusted
aqueous mbdure of soy materials is passed adjacent an ultrafiltration
membrane, the permeate is separated for recovery of the flavor components,
and the retentate is recycled to join fresh pH-adjusted soy materials. Water is
added periodically or continuously to replace the water lost to the permeate
and to adjust the concentration of soy materiala in the combined stream to a
predetermined level. If necessary, a pH-altering material (e.g., a base) can
be added to the recycled retentate or added water to control the pH to the
desired range during the ultrafiltration process. The process Is continued until
all of the flavoring compounds have been removed.

In another preferred embodiment, the present invention provides a
method for preparing deflavored soy protein material, said method
comprising:

(a) preparing an aqueous composition of a soy material contalning
soluble say prateins, flavoring compounds, and insoluble materials;
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(b) solubilizing the soy proteins by adjusting the aqueous composition
of {a) to a pH in the range of about 9 to about 12 and releasing the flavoring
compounds;

(c) removing the Insoluble materials from the pH-adjusted aqueous
composition of (b) to obtain a treated aqueous composition;

(d) passing the treated aqueous composition of {c) adjacent an
ultrafiltration membrane having a molecular weight cutoff up to about 50,000
Daltons, while maintaining the pH in the range of about 9 to about 12, under
sultable ultrafiltration conditions wherein the flavor compounds pass through
the membrane, theraby deflavoring the soy material and retaining
substantially all of the solubllized soy protsins; and

() recovering the solubilized soy proteins retained by the ultrafiitration
membrane to obtain the deflavored soy protein material.

The ultrafiltration membrane used in the method of the invention will
have a molecular welght cutoff up 10 50,000 Daltons, preferably 1,000 to
50,000, most preferably about 10,000 and preferably Is a polyethersulfone or
ceramic membrane.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 la a graph of the intansity of soy flavor attributes.

FIG. 2 Is a graph of the Intensity of deflavored soy milk compared 1o a
control sample.

FIG. 3 is a graph of the intenslily of another group of soy flavor
attributes.

FIG. 4 Is a graph of the intensity of deflavored soy concentrate and a
control sample compared to the sample of FIG. 3.

FIG. 5 Is a graph of the intensity of deflavored soy concentrate and a
control sample.

F1G. 8 Is a graph showing the change In concentration of flavor
compounds beiween a deflavored soy sampie and a control sample.

FIG. 7 is a graph showing the change in concentration of flavor
compounds between a deflavored soy sample and a control sample.

-7-
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FIG. 8 Is a block diagram of one process employing the invention.

FIG. 9 is a graph of the intensity of soy isolate flavor attributes.

FiG. 10 is a graph of the intensity of deflavored soy isolate compared
to a control sample.

FIG. 11 is a block diagram of a preferred embodiment for preparing the
deflavored soy protein material.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Soy-Derived Materials. Soybeans are valuable sources of oil and, In
the present invention, of proteins. Soy beans contain about 40 percent
proteins, which have baen classified after ultracentrifugation as 2S, 7S, 11S
and 15S (see aiso U.S. Patent 4,420,425). These fractions may contain other
materials as well and they have a wide molecular-weight range, from 3,000 to
600,000. itls well known that soy products have undesirabie odors and
flavors which should be removed In order 1o make the soy materiala widely
useful in food products. It Is belleved that lipoxygenases catalyze the
oxidation of certain polyunsaturated fatty aclds, producing hydroperoxides
which are degraded into volatile carbonyl compounds, associated with
objectionable odors and flavors in soy-derived materiais. Some of the
compounds assoclated with soy flavors are described in Table C in Example
10 below.

While the protein content of aoy-derived materials Is considered a
valuable fraction for use in food products, soluble carbohydrates are
considerad undesirable. Thelr removal from soy protein fractions is an
objective in many processes In which the proteins are recovered.

Phytates are compounds which also are considered undesirable in soy
proteins. These compounds are calclum-magnesium-potassium salts of
inositol hexaphoaphoric acid. Such compounds are beliaved to chelate metal
lons and are not readlly absorbed by the human body. They are considered
to bind to soy proteine and interfere with digestion. As mentioned above,
removal of phytates has been an objective of workers in the field of soy-
derived materials.
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Ultrafiitration Membranes. Filtration Is used to separate many
materials. In the present invention, ultrafiltration is used to remove flavoring
compounds from soy-derived materials. Importantly, the pH of the soy-
derived material should be malntained in the range of about 9 to about 12
during the ultrafiliration process. Ultrafiltration is intended to remove particles
having a size between 10 to 1,000 Angstroms (0.001 to 0.1 microns),
comresponding generally to particles having a molecular weight between
10,000 and 1,000,000, and which may aiso be affected by the shape of such
high molecular weight particles. Soy proteins have molecular range between
about 3,000 and 800,000. A membrane may be chosen which Is capable of
passing all of the soy proteins or only a selected portion. In the present
Invention, the soy proteins are retained by the ulira filtration membrane under
the selected operating conditions, while the lower molecular weight flavoring
compounds pass through the membrane and are separated, thus improving
the color and flavor of the retained soy proteins and associated solids.

A polymer ultrafiltration membrane may be defined as an anisotropic
(non-uniform) layer. One face is a skin contalning pores which determine the
size of molecules which can pass through the membrane. Supporting the
surface skin Is a spongy structure which extends to the opposite face. Such
membranes are commonly made by coagulation of polymers in an agueous
bath. Typical polymers which are used include polysulfones, cellulose esters,
poly{vinyldenefiuoride), poly (dimethyiphenylene oxide), poly (acrylonltrile),
which can be cast into membranes. Often, the membranes are formed into
hollow tubes which are assembled into bundles, through which the solution to
be filtered Is passed. Altemnatively, flat membrane sheets and spiral designs
may be used. In commercial practice, pressure Is applled to facliitate
movement of the lower molecular weight compounds through the membrane.
The membrane must be able to withstand the pressures used, making it
Iimportant that the spongy supporting structure be uniform to avoid breaking
the surface skin and bypassing the membrane.

In addition to the polymeric membranes just describad, other materials
have been used to make ultrafiitration membranes, such as ceramics,

Y
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sintered metals, and other inorganic materials. The present invention is not
limited to any particular type of membrane. The present Invention is not
limited to any particular type of membrane. In general, the membrane must
be able to pass the flavoring compounds, which are believed to have
molecular weights lower than 1,000 Dalton. More importantly, the
membranes must be able to retain substantiafly all of the solubllized soy
proteins. Thus, the membrane of the invention will have a molecular weight
cutoff up to about 50,000 Daltons, preferably about 1,000 to 50,000, more
preferably 10,000 to 30,000.

Process. The process of the Invention Includes the following steps:

(1) Prepare an aqueous mixture of the soy-derived material;

(2) Add a base to ralse the pH of the aqueous mixture to about 9 to
about 12 in order to solubilize the soy proteins and to release the flavoring
compounds;

(3) Pass the pH-adjusted mixture, while maintalning the pH In the
range of about 9 to about 12, adjacent to an ultrafiliration membrane having
a molecular weight cutoff up to about 50,000, remove the flavoring
compounds as permeate, and remove the remaining soy proteins and other
soy materials as retentate; and

(4) Neutralize the retentate and recover the soy proteins.

All types of soy materials are considered to be potential sources of soy
for use In food products. Thus, soy materials which contain proteing are
combined into an aqueous mixture, generally a slurry of soy solids. The
protein content is needed for food products, but as discussed above, it is
belleved to contaln flavoring compounds which must be released in order that
they can be separated. The separation of flavoring compounds Is camried out
in an aqueous mixiure in which both the proteins and flavoring compounds
are dissolved. The concentration of the soy materials in the aqueous mbdure
will be in the range of about 1 to about 20 percemt. Generally, the
concentration of soy materials after pH adjustment will change during the
subsequent ultrafiltration step as water s removed with the permeats. The
water will be replaced either periodically or continuously. For example, in
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diafiltration water is added {o gradually dilute the retained proteins in a batch
or semi-continuous process.

The second step, as will be seen in the examples, is important if
removal of the flavoring compounds is to be accomplished. The soy proteins
are solubiiized by adding a base to the aqueous mixture to achieve a pH of
about 9 to 12. In general, it has been found that a pH of 9 s needed to
solubliize all of the proteins, while a pH higher than 12 s llkely to cause
undesirable degradation of the proteina. While in theory, any base might be
used, sodlum or potassium hydroxide are preferred, particularly potassium
hydraxide. Other bases which may have application include calcium,
magnesium and ammonium hydroxides. It is believed that solubillzing the soy
proteins changes their shape and in some manner results in releasing the
flavoring compounds, which may be bound or ancapsulated by the soy
proteins when they are in a neutral or acid solution. The flavoring
compounds, which have relatively low molecular weight compared to the soy
proteins are able to pass through the pores of the ultrafiliration membrane,
while substantially all of the solubliized soy protains are too large and are
retained. Importantly, the pH should be maintained within the just described
range (i.e., about 9 to about 12) during the ultrafiitration/diafiltration process
to aliow as much of the flavoring compounds as possible to be removed.

The third step could be caried out In a batch manner simflar to the
laboratory experiments reported below In Examples 1-5 In which the flavor
compounds and water passed through the membrane and wene removed by
flowing water. However, In commercial applications of the process of the
invention, the pH-adjusted aqueous mixture would be circulated continuously
adjacent to an ultrafiliration membrane. Since water, the caustic and the
flavoring compounds pass through the membrane as permeate and are
discarded, additional water will be added to maintain the desired
concentration of oy materials, which will tend to lower the pH of the aqueous
mixture. This water may be augmented by dewatering the parmeate and
recyciing the recovered water to the feed stream. A pH-modifying material
(e.g., base) can be added as necessary to control the pH in the desired range

-11-
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(l.e., about 9 to about 12) directly to the ultrafiltration solution, to any recycled
agueous material, or to makeup water as desired.

After removal of the flavoring compounds (i.e., after completion of the
ultrafitration process), further neutralization of the filtered solution may be
accomplished by withdrawing product and adding an acid as required to
reach the desired pH. After pH adjustment, the aqueous mixture of soy
proteins and other materials may be used directly in food products, or it may
be concentrated or dried as required for the intended use.

A process for deflavoring soy materials by ultrafiltration may be
operated in various ways. The pH during the ultrafiltration/diafiltration
process is maintained in the range of about 9 to about 12, and preferably in
the range of about 9.5 to about 10.5. Two methods will be described,
continuous processing and batch (including semi-continuous operation)
processing. It Is expected that commercial processes will adopt batch or
semi-continuous operation, which should be better suited to production of
food-grade soy products. A continuous process is generally shown In FIG. 8.
In either a continuous or batch process an aqueous mixture of soy materials
Is pH adjusted to solubilize soy proteins and release flavor compounds and
then passed adjacent an ultrafiltration membrane which permits the lower
molecular weight flavoring materials to pass through its pores along with
water (the permeats), leaving the higher molecular weight soy materials (the
retentate) to be recirculated. A portion of the retentate wili be withdrawn as
deflavored product, from which the soy materials can be recovered as needed
for the ultimate end use. Water will be added to replace that lost in the
permeate and to provide a constant concentration of soy materials in the feed
stream supplied to the ultrafiltration membrane. Although not essential to the
process, the process of FiG. 8 includes additional processing of the permeate
to recover a portion of the water using a reverse camosls membrane for
recycling to join the retentate and fresh soy materials. The advantage of such
a step ls in reducing the amount of freeh water which must be added o the
process and removed in concentrating the permeate. Of course, the pH of
the soy-derived materials can be kept within the desired range by appropriate
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addition of a base to the recycled or fresh water added to the process or by
direct addition of base as desired.

In a batch process, such as those described In Examples 8-8 below, a
batch of soy material is placed In a veasel, pH adjusted, and fed to an
ultrafiltration membrane. The permeate is separated and the retentate is
retumed to the vessel. As the process proceeds, the soy material is depleted
in the lower molecular weight flavoring compounds and water and baecomes
more concentrated in the desirable soy proteins. Periodically, water is added
to the retentate to dilute it and provide a camler for the flavoring compounds
which are passed through the membrane. In a semi-continuous process the
water is added continuously at the rate it is being removed in the parmeate.
The process is continued until all of the flavoring compounds have been
removed and the retentate Is sufficiently deflavored to become the product,
which can be further proceased as required for the ultimate end use. A baich
or semi-continuous process may aiso include the concentration of the
permeats, with recycle of separated water in a similar manner as that shown
in FIG. 8. The pH during the ultrafiltration/dlafiltration process is maintained
in the range of about 8 to about 12, and preferably in the range of about 9.5
to about 10.5.

The ultraflitration membrane will be operated with a pressure
differential across the membrane which assists migration of the flavoring
compounds, water and other materials which are capable of pasaing through
the pores of the membrane, while not exceeding the physical strength of the
membrane. Typical average pressure for such membranes are about 50 psl
(345 kPa). The trans-membrane pressure (in versus out) will be about 15 pei
(103 kPa). Of course, these pressures could be varied based on the
membrane’s specifications and other operational concemns. The flow rate of
the feed stream will provide sufficient residence time for significant parmeate
removal, but also will be high enough to provide turbulence so that the access
of the feed stream to the membrane pores will not be hindered by solid
deposits on the membrane walls. One sidiied In the art will understand that
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sultable operating parameters will be determined by experience with the
materials being separated.

in a preferred embodiment, the present invention provides a method
for preparing deflavorad soy protein material, said method comprising: (a)
preparing an aqueous composition of a soy material containing soluble soy
proteins, flavoring compounds, and Insoluble materials; (b) solubliizing the
goy proteins by adjusting the aqueous composition of (a) to a pH In the range
of about 9 to about 12 and releasing the flavoring compounds; (c) removing
the insoluble materials from the pH-adjusted aqueous composition of (b) to
obtain a treated aqueous composition; (d) passing the treated aqueous
composition of (c) adjacent an ultrafiitration membrane having a molecular
walght cutoff up to about 50,000 Daltons, while maintaining the pH In the
range of about 8 to about 12, under sultable ultrafiltration conditions wherein
the flavor compounds pass through the membrane, thereby deflavoring the
soy material and retaining substantially all of the solubilized soy proteins; and
(e) recovering the solublilized 3oy proteins retained by the ultrafiltration
membrane to obtain the deflavored soy protein material. This preferred
embodiment is described in more detall In copending U.S. Patent Application
Serial Number (Docket 77022), flied September 4, 2003 and entitled
"Method of Deflavoring Soy-derived Materials,” which is hereby incorporated
by reference.

This preferred embodiment is illustrated in FIG. 11 wherein the pH of
an aqueocus solution of soy protein is adjusted to about 8 to about 12. The
pH-adjusted aqueous solution is then treated to remove insoluble materials.
Any conventional technique (e.g., filtration, decantation, centrifugation, and
the like) can be used. Preferably, the Insoluble material ls removed by
centrifugation. Commercial avallable continuous centrifugation units are
ideally suited for this separation in a semi-batch or continuous type operation.
In an especlally preferrad embodiment, the pH-adjusted aqueous Is subjected
fo the removal technique (e.g., centrifugation} at least twice in order faclitate
or more complete removal of Insoluble materials. The treated supematant is
then subjected to ultrafiltration, preferably combined with diafiltration, in order
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to remove the flavor components normally associated with soybeans. During
ultrafiltration, the pH of the soy-derived material should be maintained in the
range of about 9 to about 12. After ulirafittration, the pH is adjusted to a
neutral pH using an edible acid (e.g., citric acid). The deflavored soy protein
solution may be used directly or it may be converted to a solid form if desired.
Any conventional technique for removing water can be used. Generally,
spray or freeze drying techniques are preferred.

Deflavored Soy Producis. The deflavored soy protein materials
prepared by the present methods are Ideally suited for use in dalry and non-
dairy beverages, smoothies, health drinks, cheeses praducts, fermented
dairy-type products such as dairy and non-dairy yogurts, meat and meat
analog products, cereals, baked products, snacks, and the like. The present
invention provides soy-containing cheese products prepared using deflavored
soy protein. Soy-contalning cheese products containing deflavored soy
protein isolate and/or deflavored soy protein concentrate are especially
preferred.

Generally the soy-containing cheeses of this invention are prepared by
blending the desired deflavored soy protein material with a cheese base
composition. Soy-containing cheeses products which contain, on a dry basis,
about 7 to about 40 percent deflavored soy protein, and more preferably
about 9 to about 23 percent deflavored soy protein, can be prepared using
the method of this invention without the flavor and/or odor defects normally
associated with soy beans. Thus, using the present invention, soy-containing
cheese products can be prepared with provided up to about 8 g of soy
protein, and preferably about 2.5 to about 8.25 g, per single serving slze
(generally about 30 g Is considered a single serving). This invention,
therefore, allows the incorporation of significant levels of soy protein in
cheese products without the adverse organoleptic defects normally
associated with soy beans.

Unless noted otherwise, all percentages are by weight. All references
cited herein are incorporated by reference.
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EXAMPLE 1. Soy protein isolate (Protein Technology Intemational
(PTI1); St. Louls, MO) was hydrated in tap water to provide a concentration of
10 percent. The aqueous composition was mixed with a magnetic stirrer until
all of the soy protein isolate was completely dispersed. The pH of the mixture
was adjusted to 11.0 using sodium hydroxide. Then, the pH-adjusted
composition was placed in a dialysis tube (Spectrum, Inc.) having a 3500
molecular weight pore size and tap water was passed over the outside of the
tube continuously for about 4 hours; the pH remained greater than about 9
during dlalysis. The composition remaining In the dlalysis tube was poured
into a glass beaker, neutralized, and evaluated for aroma and taste. A
comparison was made with the dlalyzed composition and a sample treated in
a similar manner, but which had a pH of 8.7 and a sacond sample which had
been nelther dialyzed nor pH-adjusted. Blind evaluation by several
Individuals showed that only the pH-adjusted and dlalyzed sample had
significantly Improved taste and aroma.

EXAMPLE 2. A similar test was carried out using soy milk (Devansoy
Farms, Carrol, lowa) made into a 10 percent aqueous composition and then
pH-adjusted and dlalyzed ovemight as n Example 1. After the treatment, the
pH of the sample was 8.8 and the aroma and taste were significantly
Improved.

EXAMPLE 3. Example 2 was repeated with soy milk treshly prepared
by soaking and blanching the beans and then grinding and separating the soy
milk from the meal. After pH adjustment and dialysis as previously described,
it was found that the taste and aroma of the soy milk was significantly
improved.

EXAMPLE 4. Example 3 was repeated using a dialysis tube having a
pore size of 6000 molecular welght and similar results were obtalned.

EXAMPLE §. Example 2 was repeated with dry soy flour (Cargill, Inc.).
The soy flour was hydrated to a 10 percent composition and then pH-adjusted
as previously described. After dialyzing ovemight the pH of the remalning
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composition in the dialysis tube had a pH of 8.7 and had significantly
improved aroma and taste.

EXAMPLE 8. In a large mixing tank 33 pounds (15 kg) of Sun Rich
soy milk containing 15 percent solids was diluted with 66 pounds (30 kg) of
water to produce a slurry of 100 pounds (45 kg) containing 5 percent soy
solids. A 1N NaOH solution was added slowly to solubilize the soy proteins
unti{ a pH of 11 was reached.

A diafiltration of the alkalized soy solution was carried out by pumping
the solution from the mixing tank through two parallel hollow flber membranes
(A/G Tachnology Corporation) having a molecular welght cutoff of 10,000
Daltons and a surface area of 3.3 m®. The trans-membrane pressure across
the membranes was 20-50 ps! (138-345 kPa). The material passed through
the membrane (permeate) was collected. The remaining material (retentate)
was continuously recycled to the mixing tank. When 50 pounds (22.7 kg) of
permeate had been collected, the mbdng tank contalned 50 pounds (22.7 kg)
of soy solution. An additional 50 pounds (22.7 kg) of water was added to the
mixing tank. The pH was maintained at about 9 to about 12 during
ultrafiltration/diafiitration. This washing with addition of water to the mixing
tank was repeatad five times, after which the solution in the mixing tank was
concentrated to about 10 percent solids as water was removed in the
permeate and then the retained soy solution was neutralized with 2 percent
citric acid to a pH of 7.0.

The neutralized solution was evaluated by a {rained sensory panel and
compared with a control sample of Sun Rich soy milk which had been diluted
to 10 percent with water, but not otherwise treated. The soy solutions were
presented in a blind and randomized order. The results are shown In the
graphs of FIGS. 1 and 2.

FIG. 1 shows the mean intenslty score for 10 attributes. The panel
judged certain attributes to be more significant than othera. When compared
fo the soy solution which had been ireated as described above, the
outstanding attributes had all been reduced with a 85 percent confidence
level. Those attributes which had less prominent in the control {i.e., Brown,
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Sweet, Sour, Salt and Bitter) were reduced, except for Sweet which increased
in value, but the panel mean values did not reach a 95 percent confidence
level.

It s clear from the results that the soy solution had been rendered
more neutral in flavor by removal of flavor components.

EXAMPLE 7. Ten pounds (4.55 kg) of a soy protein concentrate
(Central Soya) was mixed with 190 pounds (86.4 kg) of water in a tank with
high agitation for 15-30 minutes to hydrate the soy protein. Then 1 N NaOH
was added to solubllize the soy protein to a pH of 11. In a similar manner to
that described in Example 6 the soy slurry was pumped through a spiral
membrane (Gea Niro Inc.) having a molecular weight cutoff of 10,000
Daltons. The trans-membrane preasure across the membrane was
maintalned below 50 psi (344.7 kPa). The preasure drop through the
membrane was maintained below 15 psl (103.4 kPa) and the pH was
maintained at about 9 to about 12. As in Example 8, five additions of water
were made when the permeate withdrawn from the membrane reached one-
half of the original volume in the mixing tank. After five water additions the pH
of the washed soy solution was adjusted to 7.5 by adding 0.5 N HCI and then
freeze dried for sensory evaluation.

The deflavored soy protein concentrate was evaluated for six attributes
by a trained sensory panel. The mean values for each attribute for the control
sample (untreated) are given in FIG. 3. In this example a differance was
found between the deflavored soy concentrate and the control, but none were
at the 95 percent confidence leval, although all the values were lower. This is
shown in FIG. 4. Also included are the resuits of a biind control used, which
was rated after the deflavored sample. In this case, the blind control was
found to have stronger flavor attributes than the original contro! of FIG. 3. Itis
believed that this occurred because the blind control in this example was
tested after the deflavored sample and appeared to the panel to have a
relatively stronger flavor in the second evaluation of the control. However,
when compared with the blind control sample, the deflavored sample showed
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significant differences for three of the flavor attributes at the 90 to 85 percent
confidence level, as shown in FIG. 5.

EXAMPLE 8. The membrane used to deflavor soy proteins should
have a molecular weight cutoff of 10,000 Daltons, shown to be effective In
Examples 8 and 7. A higher molecular weight cutoff membrane can be used
if desired, but at a molecular weight cutoff of 50,000 Daltons some valuable
proteins have been lost in the permeate, as is shown in this example.

Five pounds (2.27 kg) is a dry soy isolate (Supro-670 PTI) was mixed
with 95 pounds (43.2 kg) of water as in Example 7 to provide a slurry
containing 5 percent soy solids. 1 N NaOH was added to raise the pH to 11
and solubilize the soy proteins. Diafiltration using five additions of water was
camied out in a manner similar to that described in Exampies 6 and 7 and
using the hollow fiber membranes of Exampie 6. The pH was maintained at
about 9 to about 12 during ultrafiltration/diafiltration. Samples of the
permeats were taken at five minuts intervals, neutralized and frozen for
protein analysis.

The permeate samples were analyzed for total protein content by
electrophoresis, with the resuits shown In the following table:

-18-
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TABLE A:
Molecular Weight Cutoff
Time (minutes) 10,000 Dations 50,000 Dahons
Protein (%) Protein (%}

0 0 0.4
5 0.8 1

10 08 08
15 04 0.8
20 04 0.8
25 0 0.4
30 04
35 0.5 04
40 0.3
45 N/A

it can be seen that the membrane having a 10,000 Dalton cutoff
retalns more protein than the membrane having a 50,000 Datton cutoff. The
value at 35 minutes for the 10,000 Dalion membrane is beliseved to be
eIroneous.

EXAMPLE 8. Samples of soy materials deflavored using the mathods
of Examples 6-8 were analyzed by protein gel electrophoresis. The results
indicate that the molecular welght distribution of the retained soy materials
was substantially the same as that of the original soy material. The results
are ghown in the following table:
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TABLE B:
Soy Material
Soy Flavor Soy Isolate Soy lsolate Soy Milk
Molecular .
Weight o ) 2 = z = £
"1} ? 18R R
»28 T4 73 21.7 10.7 22 20 a9 K4
1427 18 19 30.8 322 31 32 20 21
3514 7 8 474 48 45 48 10
35 0 0 0 0 0 0 0

EXAMPLE 10. Analysis were carried out for the chemical constituents
assoclated with the ftavor attributes detarmined by the sensory panels
described In previous examples. Two samples of soy protein Isolates were
tested. One sample had been deflavored by the method described In
Example 7; the second sample had not been deflavored.

In a first test, one gram of a control sample was diiuted with 15 g of
water, 2 pi of 300 ppm of 4-heptanone was added as an intemal standard,
and the mixture was purged with 100 mV/min of hellum at 60°C for 30 min. A
deflavored sample was prepared similarly as the control sample, axcept that
the pH was raised to 10 by adding a NaOH solution in order to solubilize the
proteins. The volatile compounds were analyzed by GC/MS (HP
GC5890/MSD5972). The results for various compounds are shown In FIGS.
6 and 7. The deflavored soy sample contained smaller amounts of the
flavoring compounds.

In a second test, three gram samples were diluted with 30 g of water
and 2 p! of 300 ppm 4-heptanone was added as an intemnal standard. The
resulting mixtures were purged with 100 mi/min of helium at 60°C for 20 min
to remove the volatile compounds. The volatiles were analyzed by gas
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chromatography and the odor of the compounds judged by human criteria.
The odors associated with spacific chemical compounds are reported In the

following table:

TABLE C: Odor Charactsristics of Decreased Compounda After Deflavoring

Process.
Compound Odor in SPI Control Odor in Deflavored SP!
1-pentanol faint, green weakly faity
2-gthyiphenol splcy, herbeceoua ND
1-nftropentane ND ND
mushroom, h
1-octen-3-ol an::" mushroom, earthy, strang
cis-2,4-heptadienal ND ND
cis-3-octen-2-one ND ND
frans-2 A-hepiadienal ND weak green
acetophenone bumt, floral, caramel bumt, carame!
clg, trans-3,5-octadien-2-one ND ND
trans, trans-3,5-octadien-2-one green, fioral, tatty fatly, green
2 A-nonadienal fatty, olly, deep-fried fatty, olly, desp-fried
cle-2 A-decadienal fatty, olly, musty green onion, painty
4-(1-mathyipropyl)- phenol bubblegum, frulty ND
trans-2,4-decadlenal falty, cily, waxy fatty, oily, green
2-pentyifuran green, fioral, etherous green, floral, etherous
Irang-3-ocien-2-0ne fioral, , green, earhy fioral

EXAMPLE 11. This example illustrates the preparation of process
cheese using various deflavored soy protein compositions (.e., a deflavored
soy protein isolate (SPI) and a deflavored soy protein concentrate (SPC)). A
control sample was also prepared using untreated soy protein isolate. The
deflavorad soy proiein isolate was prepared from soy protein isolate (PTI 710
containing about 80 percent protein) cbtained from Solae Co. (St. Louls, MO)
uelng a procedurse simllar to Example 8 above. The deflavored soy protein

--
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concentrate was prepared from defatted soy flour (53 percent protein)
obtained from Archer Danlel Midland (ADM; Decator, IL) using a procedure
similar to Exampie 7 above. The following formulations were prepared:

Amount (%)
Ingredient
Control inventive #1 Inventive fi2

Process Chesse 50.0 50.0 50.0

Untreated SPI 155 0 0

Deflavored SPI 0 155 0
Defiavored 8PC 0 0 15.5
Cream 10.0 100 10.0
Water 238 238 238
Disodium phosphate 0.7 0.7 07
Colorant 0.01 0.01 0.01

To prepare each sample, the appropriate control or deflavored soy
proteln material was hydrated in water containing the emulsifying salt (i.e.,
disodium phoaphate). The resulting mixture was then mixed with cream at
room temperature for about 5 minutes. The process cheese was melted In a
heat-Jacketed cooker, after which the hydrated soy protein, cream, and water
mixture was added. The resulting composition was then heated to about
176°F over a period of about 5 minutes to obtain the desired cheese
products. The cheese products were cooled and then stored ovemight under
refrigeration conditions before evaluation.

The following results were obtained upon evaluation. Firmneas was
measured using a pentrometer by Precision Scientific (41.9-g cone witha 5
second time period). The lower the pentrometer value, the firmer the product.
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Firmness
Sampl Proteln (%) Fat (%) M lstur (%)
(mm)
Control 2.1 178 51.6 5.0
Inventive 1 214 17.8 502 27
Inventive 2 182 17.8 51.4 43

The process cheese made with deflavored SPI {i.e., inventive sample
1) was significantly firmer than elther sample 2 prepared with deflavored SPC
or the control sample. An Informal taste panel found that the process
cheeses made with the deflavored SPI and deflavored SPC did not have a
beany flavor whereas the control sample did have a beany flavor that most
consumers would have found objectionable. than that made the non-
deflavored SPI. No beany flavor was noticed in the deflavored soy cheese.
The two inventive samples had essentially the same flavor and appearance;
the sample prepared with deflavored SPI was, however, significantly firmer.
Based on fimness (and cost of the starting soy protein material), the process
cheese prepared with deflavored SPC is preferred.

The soy-contalning process cheese had good organoleptic properties.
Although Ite cheese Intensity was not as strong as the regular non-soy
containing process cheese slicas, its overall flavor and other organoleptic
properties were significantly superior commerclally available soy cheese
glices.

Example 12. This example Hllustrates the preparation of an imitation
mozzarella cheese product using deflavored soy protein prepared from soy
protein concentrate (83 percent protein) obtained from ADM using a
procedure similar to Example 7 abova. The following formulation was used:
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ingr dl nt Am um (%)
Mik Protein Concentrate (Nulritac CH7813) 15.1
Cream 50.0
Water 9.3
Salt 1.7
Carboxymethyicelluloss gum 02
Trisodium phosphate 0.9
Deflavored Soy Protein Concenirate 108
Sorbio Ackd ' 0.4
Caiclum Chiceride Solution (aaturated) 0.25
Lactic Acid 12
Sodium Cltrate 02
Water 10.0

A dough-llke material was formed by blending all the ingredients above the
double line in the table above in a blender (medium speed) at 72°F for 5
minutes. The dough was blended with the remaining ingredients in a cheese
cooker; the temperature was increased to about 165°F over about a 5 minute
period and held at that temperature for about a minute. The resulting
Imitation mozzarella cheese product was stored in tubs ovemight at 40°F

before evaluation.

The imitation mozzarella cheese product contained about 21 percent
protein, about 20 percent fat, about 2.8 percent lactose, and about 49.1
percent moisture. The imitation mozzarella cheese product was bland and
could be shredding using conventional cheese shredding equipment. With
the addition of appropriate cheese flavors, the imitation mozzarella cheese
product should provide an excellent cheese product contalning significant

amounts of soy protein.

Example 13. This example illustrates the preparation of natural
mozzarella cheess using deflavored soy protein prepared from soy protein

2%
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fiour (50 percent protein) obtained from ADM u'sing a procedure similar to
Exampie 8 above. The following formulations were used:

Ingredient Amom o)
Control Inventive

Natural Cheese (Mozzarella) 80.0 580
“"'zmw 16.8 25
Water 188 218
Salt 15 14
Carboxymethylcellulose gum 02 02
Trisodium phosphete 07 07
Defievorad Soy Protein 0 187
Sorbic Acid 0.3 03
cmm(m Solution 03 03
Lactic Ackd 12 12
Sodium Crate 02 02

A dough was prepared in a manner similar to the procedure of Example 12 by
blending all ingredients above the double line in the above table in a blender.
The dough was transferred to a cheese cooker wherein the calcium chioride,
lactic acld, and sodium citrate were added. Approximately 4 percent
additional water was added was also added to assist in mixing the
composition. The composition was heated to about 165°F over a 5 minute
period and held at that temperature for about a minuts.

The resulting natural cheess was stored in tubs ovemight at 40°F
before evaluation. The resulting natural mozzarella cheese had good cheese
flavor and was sultable for shredding.

Example 14. This example illustrates the use of various deflavored soy
protein materials in preparing process cheese slices. Various soy materials
(Le., XT 40 from Solae Co.; ProFam 781 from ADM; and soy milk) were
deflavored using essentlally the same procedure as described in Example 8.

" Copy provided by USPTO from the IFW Image Database on 11/16/2004



10

15

Docket 77060

The following formulations, designed to provide about 2.5 g soy protein per
single slice, were prepared in five pound batches:

XTe @ ProFam 781 (g) Soy M (g)
ingradiant
Contol | Defavored | Contol | Defivorsd | Contrdl | Defievored

Whay Prossn 39 30 380 3.0 %8 3.9
Norrtat Dy Mik 75 75 8 75 78 75
Gpray a',:'""‘ 78 o8 &8 a8 a8 678
Boy Matsrial 259 269 235.9 gas9 5000 B00.0
Waler 504.0 804.0 240 504.0 2000 2400
Natural Chesss 785 7788 NS 785 85 85
voddes 100 190 19.0 100 190 19.0
Fatted Mk Protein o8 0.8 8.8 9.0 968 9.8
Aniydrous Mik Fat e 78 g7 278 s 278
ProcesaChesssTim | 850 8.0 850 880 850 5.0
Vitamins 002 0.02 0.02 0.0 002 0.02
Colorarts o8 08 o8 03 08 0e
Tricaklum Phosphete | 352 35.2 362 2.2 352 352
Bodum Clirele 2.1 20.1 30.1 20.1 30.4 0.1
Disodium Phosphate 145 145 145 145 145 145
Sodum Chioride 140 140 1“0 140 140 140
Morosodium Phosphats | 05 05 05 08 05 05
Barbio Add 28 28 28 28 28 28
Condensste 3000 3000 8.0 3000 200.0 3000

In each case, the soy material was dispersed In water with mixing for about 3
to 5 minutes. The protein/daliry ingredients (l.e., whey protein concentrate,
nonfat dry milk, spray dried sweet whey) were then added with additional
mixing. Cheese blend ingredlients (i.e., natural cheesa, milk protein
concentrate, fatted milk protein, process cheese trim) were then added with
additional mixing. The vitamins and colorants were dissolved in the anhydrous
milk fat and then added. The various salts were added and blending
continued for about 3 to about 5 minutes.

-27-
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The resulting blends ware then cooked in a cheese cooker for about 5
minutes at about 178°F using steam Injection (wherein condensate Is added
to the blend). After cooking, the cheese was hot packed in a hot-pack cheese
sfice machine. Each of the samples prepared contained about 23 percent
protein, about 15 percent fat, and about 50 to about 56 percent moisture. The
cheese slices prepared with deflavored soy materials had a superior taste and
texture as compared to the control samples.

Moreover the Solae XT 40 and the ProFam 781 soy-containing starting
materials generally appeared to provide superior process cheese products,
especially with regard to texture, than other soy containing matarials examined
thus far. Although not wishing to limited by theory, we currently believe that
the superior performance of these materials may be the result, at least in part,
of moderate hydrolysis of these materials as received. The degree of
hydrolysis of thase materials Is estimated at about 3 to about 25 percent (with
a preferred range estimated to be about 5 to about 15 percent) based on
analysis of the molecular weight distribution of the soy-containing starting
material. A more extensively hydrolyzed material (data not shown), using
similar cheese-making procedures as described in this example, gave slices
that were too soft. Soy-containing starting materials that were apparently not
hydrolyzed (data not shown) gave slices that, although acceptable, were firmer
than generally desired. Further efforts are underway to investigate the role or

effect, if any, of hydrolysis of the soy matsrial.

o




CLAIMS

1. A soy-containing cheese product comprising a deflavored soy
protein material, wherein the deflavored soy protein material Is prepared by a
method comprising:

(a) obtaining a soy protein composition containing soluble soy proteins,
flavoring compounds, and insoluble materials;

(b) solublilizing the soy proteins by adjusting the soy protein composition
of (a) to a pH In the range of about 8 to about 12 and releasing the flavoring
compounds;

(c) passing the pH-adjusted soy proteln composition of (b) adjacent an
ultrafitration membrane having a molacular weight cutoff up to about 50,000
Daltons, while maintaining the pH In the range of about 9 to about 12, under
suitable ultrafittration conditions wherein the flavor compounds pass through
the membrane, thereby deflavoring the soy protein composition and retaining
substantially all of the solubilized soy proteins; and

(d) recovering the solubilized soy proteins retained by the ultrafiltration
membrane, wherein the recovered solubilized soy protsins is the deflavored
soy protein material.

2. The soy-containing chease product of claim 1, wherein the soy-
contalning cheese product is a process or natural cheese containing about 2.5
to about 8.5 g soy protein per single serving skze of about 30 g. )

3. The soy-containing cheese product of claim 1, wherein the aqueous
composition of (a) has a concentration of soy proteins in the range of about 1
to about 20 percent.

4. The soy-containing cheese product of claim 2, wherein the aqueous
composition of (a) has a concentration of soy proteins in the range of about 1
to about 20 percent.
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5. The soy-contalning cheese product of claim 1, wherein the
ultrafiltration membrane has a cutoff in the range of about 1,000 to about
50,000 Daitons.

8. The soy-contalning cheese product of claim 5, wherein the
ultrafiltration membrane has a cutoff in the range of about 10,000 to about
30,000 Daltons.

7. The soy-containing chesse product of claim 2, wherein the
ulirafiltration membrane has a cutoff in the range of about 1,000 to about
50,000 Daltons.

8. The soy-containing cheese product of claim 7, wherein the
uitrafiltration membrane has a cutoff in the range of about 10,000 to about
30,000 Daltons.

9. The soy-containing cheese product of claim 5, wherein the
ultrafiltration is carried out at a temperature in the range of about 10 to about
60°C and a sultable pressure.

10. The soy-containing cheese product of claim 9, wherein the
. Ultrafiitration membrane is a polymer, ceramic, or inorganic membrane.

11. A method of preparing a soy-containing cheese product, sald
method comprising mixing a deflavored soy protein material and a cheese
base composition to form the soy-containing cheese product;

wherein the deflavored soy proteln material is prepared by a method
comprising:

(a) obtaining a soy protein composition containing soluble soy proleins,
flavoring compounds, and insoluble materials;
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(b) solubliizing the soy proteins by adjusting the soy protein composition
of (a) to a pH in the range of about 9 to about 12 and releasing the flavoring
compounds;

(c) passing the pH-adjusted aoy protein composition of (b} adjacent an
ultrafiltration membrane having a molecular weight cutoff up to about 50,000
Daltons, while maintaining the pH In the range of about 9 to about 12, under
sultable ultraflitration conditions wherein the flavor compounds pass through
the membrane, thereby deflavoring the soy protein composition and retaining
substantially all of the solubilized soy proteins; and

(d) recovering the solubilized soy proteins retained by the ultrafiltration
membrane, whereln the recovered solubilized soy proleins Is the deflavored
soy protein material.

12. The method of claim 11, wherein the soy-contalning cheese
product Is a process or natural cheese contalning about 2.5 to about 6.5 g soy
protein per single serving size of about 30 g.

13. The method of claim 11, wherein the ultrafiltration membrane has a
cutoff in the range of about 1,000 to about 50,000 Daltons.

14. The method of claim 12, wherein the ultrafiitration membrane has a
cutoff in the range of about 1,000 to about 50,000 Daltons.

15. The method of claim 13, wherein the ultrafiitration Is carried out at a
tempenrature in the range of about 10 to about 60°C and a suitable pressure
and wherein the ultrafiltration membrane Is a polymer, ceramic, or inorganic
membrane.

18. The method of claim 14, whaerein the ultrafiltration Is carried out ata
temperature in the range of about 10 to about 60°C and a suitable pressure
and wherein the ultrafiltration membrane is a polymer, ceramic, or inorganic
membrane.
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METHOD OF PREPARATION OF HIGH QUALITY
SOY-CONTAINING CHEESE PRODUCTS

ABSTRACT
Soy-containing chease products as well as methods for producing such
products, are provided. The soy-containing cheese products are prepared
using deflavored soy protein material.
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