
PROTEIN HYDROLYSATE COMPOSITIONS HAVING ENHANCED CCK RELEASING ABILITY
CROSS REFERENCE TQ RELATED APPLICATION [0001] This application claims the
priority of US provisional application number 61/141 ,931 filed December 3
1, 2008, which is hereby incorporated by reference in its entirety. FIELD
OF THE INVENTION [0002] The present invention generally relates to protein
hydrolysates. In particular, the protein hydrolysates generally have
enhanced cholecystokinin (CCK) releasing activity. The protein hydrolysates
may be used to provide nutrients and to promote satiety. BACKGROUND OF THE
INVENTigN [0003] The rates of obesity and the diseases associated with
obesity are rising in the Unites States and throughout the world. While
there is no single underlying cause, a contributing factor may be the
fast-paced, harried life styles of many individuals and the concomitant
consumption of fast food. Most fast food tends to be high in fat and/or
sugar. [0004] One viable target for combating the obesity epidemic may be
cholecystokinin (CCK). CCK is a peptide hormone secreted into the
circulation by intestinal cells in response to a protein or lipid rich
meal. This peptide hormone mediates several physiological processes
involved in the digestion of proteins and lipids. Secretion of CCK by the
duodenal and intestinal mucosa is stimulated by fat- or proteinrich chyme
entering the duodenum. CCK then induces satiety and reduced food intake
through direct and/or indirect physiological and neural actions. Some
direct actions include the inhibition of gastric emptying, inhibition of
gastric acid secretion, and stimulation of gallbladder contraction.
Combined with CCK's ability to stimulate neural pathways, CCK release
produces a sense of "satiety," thus typically resulting in the consumption
of fewer calories.[0005] There is a need, therefore, for a nutritious,
readily accessible food product that can be consumed "on the go." This food
product should not only taste good, but it should also be nutritionally
sound; that is, the product should be low in fat, high in protein, and high
in vitamins and antioxidants. In addition, it would also be highly
beneficial if the food product enhanced the release of CCK. SUMMARY OF THE
INVENTION [0006] Among the various aspects of the present invention is one
aspect that 



encompasses a protein hydrolysate composition having cholecystokinin (CCK)
releasing activity. The protein hydrolysate composition comprises a mixture
of polypeptide fragments having an average size of less than about 100,000
Daltons, wherein a soluble fraction of the protein hydrolysate composition,
at a concentration of at least about 0.5 mg/mL, stimulates CCK releasing
activity with a potency substantially similar to greater than 50% of CCK
released by STC-1 cells stimulated with 100 nM of phorbol 12- myristate-1
3-acetate (PMA) for 4 hours. [0007] Another aspect of the invention
provides a method for increasing the CCK releasing activity of a cell. The
method comprises contacting the cell with a soluble fraction of a protein
hydrolysate composition. The protein hydrolysate composition comprises a
mixture of polypeptide fragments that have an average size of less than
about 100,000 Daltons, wherein, at a concentration of at least about 0.5
mg/mL, the protein hydrolysate composition stimulates CCK releasing
activity with a potency substantially similar to greater than 50% of CCK
released by STC-1 cells stimulated with 100 nM of PMA for 4 hours. [0008] A
further aspect of the present invention encompasses a method for promoting
satiety in a subject. The method comprises administering to the subject an
amount of a protein hydrolysate composition, wherein the amount
administered results in a feeling of satiety by the subject. The protein
hydrolysate composition comprises a mixture of polypeptide fragments having
an average size of less than about 100,000 Daltons, wherein, at a
concentration of at least about 0.5 mg/mL, the protein hydrolysate
composition stimulates CCK releasing activity with a potency substantially
similar togreater than 50% of CCK released by STC-1 cells stimulated with
100 nM of PMA for 4 hours. [0009] Still another aspect of the invention
provides a food product comprising an edible material and a soluble
fraction of a protein hydrolysate composition. The protein hydrolysate
composition comprises a mixture of polypeptide fragments having an average
size of less than about 100,000 Daltons, wherein, at a concentration of at
least about 0.5 mg/mL, the protein hydrolysate composition stimulates CCK
releasing activity with a potency substantially similar to greater than 50%
of CCK released by STC-1 cells stimulated with 100 nM of PMA for 4 hours.
REFERENCE TO COLOR FIGURES [0010] The application contains at least one
photograph executed in color. Copies of this patent application publication
with color photographs will be provided by the Office upon request and
payment of the necessary fee. 



DESCRIPTION OF THE FIGURES [001 1] Figure 1 shows the stimulation of CCK
release by soy and caseinate protein hydrolysates prepared by digestion of
each with pepsin or pepsin and pancreatin combined to mimic the digestion
in the stomach and upper small intestine. The protein hydrolysates were
added to the media of STC-1 cells at a protein concentration of
approximately 2 mg/mL, and the enzyme controls were added at equivalent
dilutions of the control reaction mixture (which included the enzyme(s) in
the absence of protein substrate). Plotted is the % CCK released into the
media of STC-1 cells stimulated by the different protein hydrolysates
generated by the pepsin or pepsin and pancreatin enzymes, compared to the
control 100 nM PMA (which was set as 100%). Cell culture media alone and 2
mg/mL bovine serum albumin (BSA) were used as negative background controls.
The PMA control consisted of 100 nM PMA in cell culture media containing
2mg/mL BSA. %CCK released into the cell culture media was calculated as
follows: % CCK release = 10 0 (ng CCK PMA well - ng CCK BSA control
well)Digestion of the intact soy protein with pepsin and pepsin-pancreatin
yielded peptides with significantly more potent CCK releasing activity than
the equivalent digestion of intact caseinate protein. [0012] Figure 2
presents an image of a Coomassie stained SDS polyacrylamide gel containing
fractions from the tangential flow filtration of a potent CCK-releasing
hydrolysate (SUPRO(r) 950/FXP950). This hydrolysate is generated by
digestion with ALCALASE (r) from Novozymes((Bagsvaerd, Denmark) to a %
degree of hydrolysis of approximately 9.6%. Lanes A, B, C, and D represent
10 mL samples of 1% (w/v) slurries of the unfractionated sample, the
greater than 100 kDa fraction, the 10-100 kDa fraction, and the less than
10 kDa fraction, respectively. Lanes E and F represent 10 mL samples of 5%
(w/v) slurries of the 10-100 kDa fraction and the less than 10 kDa
fraction, respectively. Sizes of the molecular weight standards are
indicated on the left. [0013] Figure 3 shows the stimulation of CCK release
by pepsin and pepsinpancreatin digested preparations of the 10 -100 kDa
fraction of SUPRO(r)950/FXP950, a hydrolyzed protein preparation described
in Example 2. [0014] Figures 4A-H illustrate the stimulation of CCK release
for different soy protein hydrolysate preparations. Plotted is the % CCK
released into the media of STC- 1 stimulated by the different soy protein
hydrolysates generated with the different enzymes as indicated in Figures
4A-4H and with different % degrees of hydrolysis 



(%DH) obtained with the various incubation conditions compared to the % CCK
released by 100 nM PMA, which was set at 100%. %CCK released into the cell
culture media is calculated as described for Figure 1. PMA induces CCK
through a direct stimulation of protein kinase C (PKC). Each soy protein
hydrolysate was added to STC-1 cells at a final protein concentration of
approximately 2 mg/mL. Figure 4A shows stimulation of CCK release for soy
protein hydrolysates treated with Alcalase. Figure 4B shows stimulation of
CCK release for soy protein hydrolysates treated with Bromelain. Figure 4C
shows stimulation of CCK release for soy protein hydrolysates treated with
serine protease from Nocardiopsis prasina. Figure 4D shows stimulation of
CCK release for soy protein hydrolysates treated with ALCALASE (r) 2 .
Figure 4E shows stimulation of CCK release for soy protein hydrolysates
treated with S2. Figure 4F shows stimulation of CCK release for soy protein
hydrolysates treated with MP1 . Figure 4G showsstimulation of CCK release
for soy protein hydro lysates treated with TL1 . Figure 4H shows
stimulation of CCK release for soy protein hydrolysates treated with ASP-1
. DETAILED DESCRIPTION OF THE INVENTION [0015] It is known that protein, in
general, stimulates the release of CCK by enteroendocrine cells in the
intestinal track of animals, including humans (Liddle, R.A., et al., (1986)
Proteins But Not Amino Acids, Carbohydrates, or Fats Stimulate
Cholecystokinin Secretion in the Rat. Am. J. Physiol. 251 (Gastrointest.
Liver Physiol. 14J: G243-G248). Since protein that passes into the
intestine experiences digestion by enzymes such as pepsin and a mixture of
digestive enzymes from the pancreas (pancreatin), we show in Figure 1 that
an intact soy protein digested by these enzymes yields peptides that have
CCK releasing activity on enteroendocrine cells. Figure 1 also shows that
sodium caseinate treated with these same enzymes yields peptides with less
potent CCK releasing activity compared to those generated after digestion
of the intact soy protein. The method for digestion of the soy protein and
caseinate, used to generate the data in Figure 1, which mimic the in vivo
stomach and upper intestinal digestion, is a modification of the previously
published procedures of Schasteen (Schasteen, C.S., et al., (2007)
Correlation of an Immobilized Digestive Enzyme Assay With Poultry True
Amino Acid Digestibility for Soybean Meal. Poultry Science 86(2), 343-348)
and Higaki ([Higaki, N., et al., (2006) Biosci. Biotechnol. Biochem.
70(12), 2844-2852). Protein samples were solubilized in 20 volumes of 0.01
M HCI and digested by pepsin (Sigma- Aldrich #P7012) at an enzyme-substrate
ratio of 1:200 (w/w), pH 2.3 and 37C for 4 hours. After the pepsin
digestion, 2.5 M NaOH was added to the mixture to adjust the pH to 8.0, and
pancreatin (Sigma-Aldrich #P3292) was added at a ratio of 1:200 (w/w) 



and digestion was continued for another 4 to 18 hours. Degree of hydrolysis
was determined by the reaction of primary amine groups with
o-phthalaldehyde (OPA) vs. total amount of primary amine present in sample
after acid hydrolysis ( 1 100C for 24 hours) (known as the "OPA method").
The protein hydrolysates were added to the media of STC-1 cells at a
protein concentration of 2 mg/mL, and the enzyme controls were added at
equivalent dilutions of the control reaction mixture (which included the
enzyme(s) in the absence of protein substrate). Plotted is the % CCK
released into the media of STC-1 cells stimulated by the pepsin and
pepsin-pancreatin treated proteinsamples compared to the amount of CCK
released by the positive control 100 nM PMA (which was set at 100%). %CCK
released into the cell culture media is calculated as follows: % CCK
release = (nq CCK sam igw ij - na CCK BSA control wad , x 0 0 (ng CCK PMA
well - ng CCK BSA control well) [0016] It has been discovered, as
illustrated in the examples, that enzymatic digestion of a protein into
polypeptide fragments that have an average size of less than about 100,000
Daltons by enzymes that can be used in commercial ingredient processing
results in compositions having enhanced CCK releasing activity. Because CCK
promotes satiety through the central nervous system, and also slows gastric
emptying, the protein hydrolysate compositions may be included in a variety
of food products to both promote satiety and provide nutrients. (l)Process
for Preparing a Protein Hydrolysate [0017] One aspect of the present
invention provides a process for preparing a protein hydrolysate comprising
a mixture of polypeptide fragments having an average size of less than
100,000 Daltons. The process comprises contacting a protein material with
one or more enzymes that cleaves the protein material into polypeptide
fragments of the desired size. Reactants and reaction parameters are
described more fully below. (a) protein material [0018] Non-limiting
examples of suitable protein materials include plant proteins, such as soy
or non-soy proteins (e.g., barley, canola, lupin, maize, oat, pea, potato,
rice, wheat, etc.) and animal proteins, such as egg proteins, gelatin, and
the like. [0019] In some embodiments, the protein material may be derived
from soy. A variety of soy protein materials may be used in the process of
the invention to generate a soy protein hydrolysate. In general, the soy
protein material may be derived from whole soybeans in accordance with
methods known in the art. The whole soybeans may be standard soybeans
(i.e., non genetically modified soybeans), genetically modified 



soybeans (such as, e.g., soybeans with modified oils, soybeans with
modifiedcarbohydrates, soybeans with modified protein subunits, and so
forth) or combinations thereof. Suitable examples of soy protein material
include soy extract, soymilk, soymilk powder, soy curd, soy flour, soy
protein isolate, soy protein concentrate, soy whey protein, and mixtures
thereof. [0020] In one embodiment, the soy protein material used in the
process may be a soy protein isolate (also called isolated soy protein, or
ISP). In general, soy protein isolates have a protein content of at least
about 90% soy protein on a moisture-free basis. The soy protein isolate may
comprise intact soy proteins or it may comprise partially hydrolyzed soy
proteins. The soy protein isolate may have a high content of various
subunits such as 7S, 11S, 2S, etc. Non-limiting examples of soy protein
isolates that may be used in the present invention are commercially
available, for example, from Solae, LLC (St. Louis, MO), and include
SUPRO(r) 500E, SUPRO(r) 620, SUPRO(r) 760, SUPRO(r) 670, SUPRO(r) 710,
SUPRO(r) EX 33, SUPRO(r) 313. [0021] In another embodiment, the soy protein
material may be a soy protein concentrate, which has a protein content of
about 65% to less than about 90% on a moisture-free basis. Examples of
suitable soy protein concentrates useful in the invention include ALPHA(r)
DSP-C, Procon(tm), ALPHA(r) 12 and ALPHA(r) 5800, which are commercially
available from Solae, LLC. Alternatively, soy protein concentrate may be
blended with the soy protein isolate to substitute for a portion of the soy
protein isolate as a source of soy protein material. [0022] In yet another
embodiment, the soy protein material may be soy flour, which has a protein
content of about 49% to about 65% on a moisture-free basis. The soy flour
may be defatted soy flour, partially defatted soy flour, or full fat soy
flour. The soy flour may be blended with soy protein isolate or soy protein
concentrate. [0023] When soy flour is used, the starting material is
typically defatted soy flour or flakes. Full fat soybeans contain
approximately 40% protein by weight and approximately 20% oil by weight.
These whole full fat soybeans may be defatted through conventional
processes when a defatted soy flour or flakes form the starting protein
material. For example, the soybean may be cleaned, dehulled, cracked,
passed through a series of flaking rolls and then subjected to solvent
extraction by use of hexane or other appropriate solvents to extract the
oil and produce "spent flakes". The defattedflakes may be ground to produce
a soy flour. Although the process is yet to be employed with full fat soy
flour, it is believed that full fat soy flour may also serve as a protein
source. However, where full fat soy flour is processed, it is most likely
necessary to use a separation step, such as three stage centrifugation to
remove oil. 



[0024] In another alternate embodiment, the soy protein material may be soy
storage protein that has been separated into major fractions (15S, 11S, 7S,
and 2S) on the basis of sedimentation in a centrifuge. In general, the 11S
fraction is highly enriched in glycinins, and the 7S fraction is highly
enriched in beta-conglycinins. [0025] In another embodiment, the protein
material may be derived from a plant other than soy. By way of non-limiting
example, suitable plants include amaranth, arrowroot, barley, buckwheat,
canola, cassava, channa (garbanzo), legumes, lentils, lupin, maize, millet,
oat, pea, potato, rice, rye, sorghum, sunflower, tapioca, triticale, wheat,
and mixtures thereof. Especially preferred plant proteins include barley,
canola, lupin, maize, oat, pea, potato, rice, wheat, and combinations
thereof. In one embodiment, the plant protein material may be canola meal,
canola protein isolate, canola protein concentrate, or combinations
thereof. In another embodiment, the plant protein material may be maize or
corn protein powder, maize or corn protein concentrate, maize or corn
protein isolate, maize or corn germ, maize or corn gluten, maize or corn
gluten meal, maize or corn flour, zein protein, or combinations thereof. In
still another embodiment, the plant protein material may be barley powder,
barley protein concentrate, barley protein isolate, barley meal, barley
flour, or combinations thereof. In an alternate embodiment, the plant
protein material may be lupin flour, lupin protein isolate, lupin protein
concentrate, or combinations thereof. In another alternate embodiment, the
plant protein material may be oatmeal, oat flour, oat protein flour, oat
protein isolate, oat protein concentrate, or combinations thereof. In yet
another embodiment, the plant protein material may be pea flour, pea
protein isolate, pea protein concentrate, or combinations thereof. In still
another embodiment, the plant protein material may be potato protein
powder, potato protein isolate, potato protein concentrate, potato flour,
or combinations thereof. In a further embodiment, the plant protein
material may be rice flour, rice meal, rice protein powder, rice protein
isolate, rice protein concentrate, or combinations thereof. In another
alternate embodiment, the plant proteinmaterial may be wheat protein
powder, wheat gluten, wheat germ, wheat flour, wheat protein isolate, wheat
protein concentrate, solubilized wheat proteins, or combinations thereof.
[0026] In other embodiments, the protein material may be derived from an
animal source. In one embodiment, the animal protein material may be
derived from eggs. Non-limiting examples of suitable egg proteins include
powdered egg, dried egg solids, dried egg white protein, liquid egg white
protein, egg white protein powder, isolated ovalbumin protein, and
combinations thereof. Egg proteins may be derived from the 



eggs of chicken, duck, goose, quail, or other birds. In an alternate
embodiment, the protein material may be derived from a dairy source.
Suitable dairy proteins include non fat dry milk powder, milk protein
isolate, milk protein concentrate, acid casein, caseinate (e.g., sodium
caseinate, calcium caseinate, and the like), whey protein isolate, whey
protein concentrate, and combinations thereof. The milk protein material
may be derived from cows, goats, sheep, donkeys, camels, camelids, yaks,
water buffalos, etc. In a further embodiment, the protein may be derived
from the muscles, organs, connective tissues, or skeletons of land-based or
aquatic animals. As an example, the animal protein may be gelatin, which is
produced by partial hydrolysis of collagen extracted from the bones,
connective tissues, organs, etc, from cattle or other animals. [0027] It is
also envisioned that combinations of a soy protein material and at least
one other protein material also may be used in the process of the
invention. That is, a protein hydrolysate composition may be prepared from
a combination of a soy protein material and at least one other protein
material. In one embodiment, a protein hydrolysate composition may be
prepared from a combination of a soy protein material and one other protein
material selected from the group consisting of barley, canola, lupin,
maize, oat, pea, potato, rice, wheat, animal material, dairy, and egg. Ip
another embodiment, a protein hydrolysate composition may be prepared from
a combination of a soy protein material and two other protein materials
selected from the group consisting of barley, canola, lupin, maize, oat,
pea, potato, rice, wheat, animal material, dairy, and egg. In further
embodiments, a protein hydrolysate composition may be prepared from a
combination of a soy protein material and three or more other protein
materials selectedfrom the group consisting of barley, canola, lupin,
maize, oat, pea, potato, rice, wheat, animal material, dairy, and egg.
[0028] The concentrations of the soy protein material and the other protein
material used in combination can and will vary. The amount of soy protein
material may range from about 1% to about 99% of the total protein used in
the combination. In one embodiment, the amount of soy protein material may
range from about 1% to about 20% of the total protein used in combination.
In another embodiment, the amount of soy protein material may range from
about 20% to about 40% of the total protein used in combination. In still
another embodiment, the amount of soy protein material may range from about
40% to about 80% of the total protein used in combination. In a further
embodiment, the amount of soy protein material may range from about 80% to
about 99% of the total protein used in combination. Likewise, the amount of
the (at least one) other protein material may range from about 1% to about
99% of the total protein used in 



combination. In one embodiment, the amount of other protein material may
range from about 1% to about 20% of the total protein used in combination.
In another embodiment, the amount of other protein material may range from
about 20% to about 40% of the total protein used in combination. In still
another embodiment, the amount of other protein material may range from
about 40% to about 80% of the total protein used in combination. In a
further embodiment, the amount of other protein material may range from
about 80% to about 99% of the total protein used in combination. (b)
protein slurry [0029] In the process of the invention, the protein material
is typically mixed or dispersed in water to form a slurry comprising about
1% to about 40% protein by weight (on an "as is" basis). In one embodiment,
the slurry may comprise about 1% to about 5% protein (as is) by weight. In
another embodiment, the slurry may comprise about 6% to about 10% protein
(as is) by weight. In a further embodiment, the slurry may comprise about
11% to about 15% protein (as is) by weight. In still another embodiment,
the slurry may comprise about 16% to about 20% protein (as is) by weight.
In yet another embodiment, the slurry may comprise about 2 1% to about 40%
protein (as is) by weight. The water may include food grade dispersants
such as ethanol, glycerol, and the like.[0030] After the protein material
is dispersed in water, the slurry of protein material may be heated from
about 7O0C to about 900C for about 2 minutes to about 20 minutes to
inactivate putative endogenous protease inhibitors. Typically, the pH and
the temperature of the protein slurry are adjusted so as to optimize the
hydrolysis reaction, and in particular, to ensure the digestion enzyme used
in the hydrolysis reaction functions near its optimal activity level. The
pH of the protein slurry may be adjusted and monitored according to methods
generally known in the art. The pH of the protein slurry may be adjusted
and maintained at from about 3.0 to about 11.0. In other embodiments, the
pH of the protein slurry may be adjusted and maintained at from about 3.0
to about 4.0, about 5.0 to about 6.0, and about 7.0 to about 8.0. In
another embodiment, the pH of the protein slurry may be adjusted and
maintained at from about 8.0 to about 9.0. In an alternate embodiment, the
pH of the protein slurry may be adjusted and maintained at from about 9.0
to about 10.0, and about 10.0 to about 11.0. The temperature of the protein
slurry can be adjusted and maintained at from about 25C to about 800C
during the hydrolysis reaction in accordance with methods known in the art.
(c) enzyme digestion [0031] The hydrolysis reaction is generally initiated
by adding an enzyme or a combination of enzymes to the slurry of protein
material. Typically, the enzyme may be 



a food-grade enzyme having optimal activity at a pH from about 3.0 to about
11.0 and at a temperature from about 25C to about 8O0C. The enzyme may be
of plant, animal, or microbial origin. [0032] The enzyme will typically be
an endopeptidase. Endopeptidases act preferentially in the inner regions of
peptide chains away from the N and C termini. Several endopeptidases are
suitable for use in the process of the invention. In one embodiment, the
endopeptidase may be serine protease from Nocardiopsis prasina (SEQ ID NO:
2 in International Application No. WO 2005035747, which is incorporated by
reference in its entirety). In another embodiment, the endopeptidase may be
subtilisin protease from Bacillus licheniformis, which is available as
ALCALASE (r) from Novozymes (Bagsvaerd, Denmark). In yet another
embodiment, the endopeptidase may be serine protease also called glutamyl
endopeptidase (termed "GE") from Bacillus licheniformis(UNIPROT: P80057 as
disclosed and characterized in US Patent Nos. 4,266,031 , 5,874,278, and
5,459,064 and International Application Nos. WO 01/16285, WO 92/13964, WO
91/1 3553, and WO 91/13554, each of which is incorporated by reference in
its entirety). In still another embodiment, the endopeptidase may be
trypsin-like protease (termed "TL1") from Fusarium oxysporum (SWISSPROT No.
P35049) (US Patent Nos. 5,288,627 and 5,693,520 each of which is hereby
incorporated by reference in its entirety). In an alternate embodiment, the
endopeptidase may be lysyl endopeptidase (termed "LE") from Achromobacter
lyticus (UNIPROT:P15636). In a further embodiment, the endopeptidase may be
a more purified form of subtilisin protease from Bacillus licheniformis
(termed "Alcalase (r) 2") In still other embodiments, the endopeptidase may
be a trypsin-like protease from Fusarium solani (GENESEQP:ADZ80577).
Suitable enzymes further include subtilisin protease 2 (S2), metallo
protease 1 (MP1), and aspartate protease 1 (ASP-1). Other suitable enzymes
include bromelain, subtilisin, chymotrypsin, trypsin, pepsin, and elastase.
In some embodiments, a combination of endopeptidases may be used. [0033] In
a further embodiment, the endopeptidase may be combined with at least one
exopeptidase. Generally, exopeptidases act only near the ends of
polypeptide chains at the N or C terminus. Those acting at a free N
terminus liberate a single amino acid residue (i.e., aminopeptidases), a
dipeptide (i.e., dipeptidyl-peptidases) or a tripeptide (i.e.,
tripeptidyl-peptidases). The exopeptidases acting at a free C terminus
liberate a single amino acid (i.e., carboxypeptidases) or a dipeptide
(i.e., peptidyldipeptidases). Some exopeptidases are specific for
dipeptides (i.e., dipeptidases) or remove terminal residues that are
substituted, cyclized or linked by isopeptide bonds 



lsopeptide bonds are peptide linkages other than those of a carboxyl group
to an a- amino group, and this group of enzymes is characterized by omega
peptidases. [0034] Non-limiting examples of exopeptidases suitable for use
in the process of the invention include carboxypeptidase D from Aspergillus
oryzae (UNIPROT:Q2TZ1 1), carboxypeptidase Y from Aspergillus oryzae
(UNIPROT:Q2TYA1), aminopeptidase from Aspergillus oryzae (International
Application No. WO 96/28542, which is incorporated by reference in its
entirety), and aminopeptidase from Bacillus licheniformis
(UNIPROT:Q65DH7).[0035] The amount of enzyme added to the protein material
can and will vary, depending upon the desired degree of hydrolysis and the
duration of the hydrolysis reaction. The amount may range from about 1 mg
to about 5000 mg of enzyme protein per kilogram of protein material. In
another embodiment, the amount may range from 10 mg to about 2000 mg of
enzyme protein per kilogram of protein material. In yet another embodiment,
the amount may range from about 50 mg to about 1000 mg of enzyme protein
per kilogram of protein material. [0036] As will be appreciated by a
skilled artisan, the duration of the hydrolysis reaction can and will vary
depending upon the enzyme, the protein material, and the desired degree of
hydrolysis. Generally speaking, the duration of the hydrolysis reaction may
range from a few minutes to many hours, such as, from about 30 minutes to
about 48 hours. To end the hydrolysis reaction, the composition may be
heated to a temperature that is high enough to inactivate the enzyme. For
example, heating the composition to a temperature of approximately 9O0C
will substantially heat-inactivate most enzymes. Other methods of
inactivation include cooling below 100C and/or lowering pH below about 3.0,
depending on the enzyme used. [0037] Various combinations of protein
material and enzyme are presented in Table A.Table A. Preferred
Combinations.Table A. Preferred Combinations.Protein Hydrolysate
Compositions CROSS REFERENCE TO RELATED APPLICATION [0001] This application
claims the priority of US provisional application number 61/141 ,941 filed
December 3 1, 2008, which is hereby incorporated by reference in its
entirety. FIELD OF THE INVENTION [0002] The present invention relates to
protein hydrolysate compositions that include the hydrophobic core region
of b-conglycinin, have a higher whiteness index, and unique viscoelastic
properties that include thickening at lower temperatures, processes for
making the protein hydrolysate compositions, and food products 



comprising the protein hydrolysate compositions. BACKGROUND OF THE
INVENTION [0003] Increased protein consumption worldwide along with limited
availability and increased expense of animal-based proteins and dairy
proteins has led to increased interest in vegetable proteins such as soy
protein. [0004] While soy is an excellent source of protein, it tends to
have a grey color making it unsuitable for use in some food products. The
grey or light beige color of soy proteins often pose a challenge for the
use of soy protein in various products like beverages, whole muscle
applications, and cheeses. Consumers do not always appreciate the grey or
light beige color. What is needed, therefore, is a soy protein product
having increased whiteness. Further, soy protein typically requires high
heat and high solids to coagulate; therefore it has been difficult to make
a soy cheese with properties similar to dairy based cheese. It would be
helpful to have a soy protein that coagulates when minimal heat is applied.
SUMMARY OF THE INVENTION [0005] Among the various aspects of the present
invention is the provision of a protein hydrolysate composition that
includes an enriched hydrophobic core region (47 kDa fragment) of
b-conglycinin. The protein hydrolysate composition comprises amixture of
polypeptides enriched in a 47 kiloDalton (kDa) fragment, wherein at least
about 10% to about 66% of the polypeptides by weight are the 47 kDa
fragment. [0006] The invention further discloses a protein fraction
comprising an enriched hydrophobic b-conglycinin core region b-conglycinin
and it's derived peptides are known to reduce cholesterol in mammals.
(Adams et al. 2004, Lovati et.al. 2000, Cho et al., 2008). [0007] Another
aspect of the invention encompasses a process for preparing a protein
hydrolysate composition. The process comprises contacting a protein
material with an endopeptidase that cleaves the protein material into
mixture of polypeptides enriched in a 47 kDa fragment. A further aspect
discloses a process for preparing a protein fraction. [0008] One aspect of
the invention encompasses a process for producing a hydrophobic
b-conglycinin core region enriched protein product, wherein the hydrophilic
extension region of the a' and a subunts of b-conglycinin are hydrolyzed
from b-conglycinin by using an enzyme that cleaves proteins at the
C-terminus of glutamic acid and aspartic acid to yield the hydrophobic
b-conglycinin core region enriched protein product, wherein at least about
10% to about 66% of the polypeptides 



by weight are the 47 kDa fragment. [0009] A further aspect of the invention
provides food products comprising a protein hydrolysate composition. The
protein hydrolysate composition comprises a mixture of polypeptides
enriched in a 47 kDa fragment, wherein at least about 10% to about 66% of
the polypeptides by weight are the 47 kDa fragment. [00010] Other aspects
and features of the invention will be in part apparent and in part pointed
out hereinafter. REFERENCE TO COLOR FIGURES [0001 1] The application
contains at least one photograph executed in color. Copies of this patent
application publication with color photographs will be provided by the
Office upon request and payment of the necessary fee.DESCRIPTION OF THE
FIGURES [00012] Figure 1 is a SDS-PAGE of an isolated soy protein
hydrolyzed using GE. Lane 1 is a standard soy protein isolate SUPRO(r)
500E, lane 2 -control unhydrolyzed isolate, lane 3- isolate hydrolyzed with
serine protease (also called glutamyl endopeptidase (GE)) from Bacillus
lichenformis, 12mg GE/kg of isolate, lane 4- isolate hydrolyzed with 24 mg
GE/kg of isolate, lane 5- isolate hydrolyzed with 48 mg GE/kg of isolate
and lane 6 is molecular weight standard. [00013] Figure 2 is an image of a
Coomassie-stained SDS-polyacrylamide gel (SDS-PAGE) of commodity soy
protein in flours with and without GE treatment. Lane 1 contains the
commodity soy protein control, without GE treatment. Lane 2 contains
commodity soy protein treated with 2.4 mg GE/Kg protein. Lane 3 contains
commodity soy protein treated with 4.8 mg GE/Kg protein. The a' and a
subunits of b- conglycinin are indicated on the left and the 47kDa region
is indicated on the left. [00014] Figure 3 is a SDS-PAGE of an acid
precipitated soy protein curd hydrolyzed using GE. Lane 1 shows molecular
weight standards, lane 2 is control curd slurry without hydrolysis, lanes
3, 4 ,and 5 contain samples hydrolyzed for 30 minutes with GE concentration
of 24, 48 and 96 mg GE/kg of curd slurry solids respectively, lanes 6 , 7
,and 8 contain samples hydrolyzed for 60 minutes with GE concentration of
24, 48 and 96 mg GE/kg of curd slurry solids respectively, lanes 9, 10, and
11 contain samples hydrolyzed for 120 minutes with GE concentration of 24,
48 and 96 mg GE/kg of curd slurry solids respectively, lane 12 contains
standard soy protein isolate SUPRO(r) 500E. [00015] Figure 4 shows a
comparison of the whiteness index of GE treated isolated soy protein
hydrolysates versus another serine protease, serine protease (SP) 



from Nocardiopsis prasina treated isolated soy protein hydrolysates.
[00016] Figure 5 shows the enrichment of 47 kDa polypeptide from GE
hydrolysate by NaCI treatment. I : indicates the original sample with
treatment of 4.8 mg GE/Kg protein; II: describes the process of dissolving
protein in 2% NaCI and mix at 750C for 30 min; III: describes the process
of centrifuging the NaCI treated sample at 3,000 x G for 10 min; IV:
indicates the supernatant fraction which mainly consists of 11S and beta
subunit of 7S enriched fraction; V: describes the precipitate fraction
whichmainly consists of 47 kDa polypeptide enriched fraction; Vl: indicates
the intact soy protein. [00017] Figure 6 shows an anionic exchange
chromatography separation of the 47 kDa fragments from other protein
components in GE treated soy protein along with SDS-PAGE analysis of each
fraction (1-10) collected from the chromatography separation. Gel A is from
the control protein and Gel B is from 4.8 mg GE/Kg protein hydrolyzed
sample. Fraction 1 shows the protein in the unbound fraction in the
chromatography. The major protein band in fraction 1 of Gel B is the 47 kDa
polypeptide. [00018] Figure 7 shows the Thermo Hydration Ratio (THR) values
for control, 2.4 mg GE/ Kg protein, and 4.8 mg GE/Kg protein, i.e. examples
1-3 of the current invention. [00019] Figure 8 shows the Rapid Visco
Analyzer (RVA) test results of the GE modified soy protein. [00020] Figure
9 indicates potential GE cleavage sites (underlined residues) for the a
subunit of b-conglycinin, 47 kDa section is shown in bold. [00021] Figure
10 is a SDS-PAGE of GE treated hydrolysates from a large scale preparation.
Lane 1 contains standard soy protein isolate SUPRO(r) 500E. Lane 2 control
isolate without enzyme, Lane 3 is sample hydrolyzed with 6mg GE/kg protein
of sample on dry matter basis, lane 4 is the precipitate from subjecting
sample hydrolyzed with 6mg GE/kg protein to centrifugation, lane 5 is
supernatant from subjecting sample hydrolyzed with 6mg GE/kg protein to
centrifugation. Lane 6 is sample hydrolyzed with 12mg GE/kg protein of
sample on dry matter basis, lane 7 is the precipitate from subjecting
sample hydrolyzed with 12mg GE/kg protein to centrifugation, lane 8 is
supernatant from subjecting sample hydrolyzed with 12mg GE/kg protein to
centrifugation. Lane 9 is molecular weight standards. [00022] Figure 11 is
a color photograph of gels made from GE treated soy protein hydrolysates
with 6 and 12 mg GE/kg protein enzyme dose. Gels were made 



from hydrolysates and hydrolysates UF where hydrolysates were subjected to
precipitation at pH 4.5 to remove shorter fragments.[00023] Figure 12 shows
the comparison of SQS sensory data Qf GE treated sample versus control.
[00024] Figure 13 shows a comparison of the whiteness index of GE treated
acid curd versus SP treated acid curd. DETAILED DESCRIPTION OF THE
INVENTION ( [00025] The present invention provides protein hydrolysate
compositions, processes for making protein hydrolysate compositions, and
food products comprising protein hydrolysate compositions. It has been
discovered that digestion of a soy protein with an endopeptidase that
specifically cleaves the soy protein material on the carboxyl terminal
(C-terminus) side of glutamic acid or aspartic acid results in compositions
comprising polypeptide fragments of about 47 kDa. The 47 kDa protein
fragment is comprised of the hydrophobic b-conglycinin core region of the
b-conglycinin. The hydrophobic b-conglycinin core region of the
b-conglycinin is comprised of a and a' subunits which are typically 47 kDa.
The b subunit of b-conglycinin is about 47-50 kDa. The composition of the
current invention includes about 10% to about 66% 47 kDa fragment. These
protein hydrolysate compositions have improved whiteness indexes and unique
viscoelastic properties compared to the starting soy protein material
making them ideal for yogurts, cheese, puddings, and whipped food products.
[00026] Serine Protease, also called glutamyl endopeptidase (termed "GE")
from Bacillus lichenformis (UNIPROT: P80057 as disclosed and characterized
in US Patent Nos. 4,266,031 , 5,874,278, and 5,459,064 and International
Application Nos. WO 01/16285, WO 92/13964, WO 91/13553, and WO 91/13554,
each of which is incorporated by reference in its entirety) cleaves
proteins at the C-terminal of glutamic acid and aspartic acid residues. By
modifying the substrate, different hydrolysis outcomes were achieved as a
result of the enzymatic reaction at the same enzyme and substrate
concentrations. When the GE reaction was carried out on spray dried soy
protein isolates, the reaction was more random, generating peptide
fragments of various molecular weights as was evident from the SDS-PAGE
(Figure 1), however when the reaction was carried out on the soy protein
slurries made from the soy flakes by isoelectric precipitation of the
proteins, the proteins were in a more native form and thehydrolysis pattern
differed greatly. The hydrolysis resulted in a more selective cleavage and
accumulation of 47 kDa protein fragment, it also appeared to be very
specific to cleavage of b-conglycinin and bands pertaining to glycinin
seemed unchanged as a result of GE hydrolysis based on SDS-PAGE data
(Figures 2 and 3). This technology 



allows for the generation of material with enriched b-conglycinin core
region fractions on a large scale. /. Process for Preparing a Protein
Hydrolysate Composition [00027] One aspect of the present invention
provides a process for preparing a protein hydrolysate composition
comprising a mixture of polypeptides enriched in a 47 kDa fragment. The
process comprises contacting a protein material with an endopeptidase that
specifically cleaves the protein material on the carboxyl terminal side of
glutamic acid or aspartic acid, thereby creating a mixture of polypeptides
enriched in a 47 kDa fragment. a. hydrolytic cleavage [00028] The process
comprises cleaving the protein material into a mixture of smaller sized
polypeptides. In general, the protein material is contacted with an
endopeptidase to form a hydrolysate. The hydrolysate may be cleaved further
using an exopeptidase. /. protein material [00029] Non-limiting examples of
suitable protein materials include soy, amaranth, arrowroot, buckwheat,
canola, cassava, channa (garbonzo), corn, legume, lentils, lupin, millet,
oat, pea, rye sorghum, sunflower, tapioca, triticale, dairy, and
combinations thereof. In one embodiment, the protein material may be a soy
protein material. A variety of soy protein materials may be used in the
process of the invention to generate a soy protein hydrolysate. In general,
the soy protein material may be derived from whole soybeans in accordance
with methods known in the art. The whole soybeans may be commodity soybeans
(i.e., non genetically modified soybeans), genetically modified soybeans,
and combinations thereof. Genetically modified soybeans include soybeans
with modified protein, oil, or carbohydrate compositions, such as high
b-conglycinin soybeans and high oleic soybeans. Suitable examples ofsoy
protein material include soy extract, soy curd, soy flour, isolated soy
protein, soy protein concentrate, soymilk, soymilk powder, and mixtures
thereof. [00030] In one embodiment, the soy protein material used in the
process may be an isolated soy protein (also called ISP or soy protein
isolate). In general, isolated soy proteins have a protein content of at
least about 90% soy protein on a moisture-free basis. The isolated soy
protein may comprise intact soy proteins or it may comprise partially
hydrolyzed soy proteins. The isolated soy protein may have a high content
of storage protein subunits such as 7S, 11S, 2S, and 15S. Non-limiting
examples of isolated soy proteins that may be used in the present invention
are 



commercially available, for example, from Solae, LLC (St. Louis, MO), and
include SUPRO(r) 500E, SUPRO(r) 620, SUPRO(r) 710, and SUPRO(r) EX 33
isolated soy proteins. [00031] In another embodiment, the soy protein
material may be a soy protein concentrate (SPC), which has a protein
content of about 65% to less than about 90% on a moisture-free basis.
Examples of suitable soy protein concentrates useful in the invention
include ALPHA(r) DSP-C1 Procon(tm), ALPHA(r) 12 and ALPHA(r) 5800 which are
commercially available from Solae, LLC (St. Louis, MO). Alternatively, soy
protein concentrate may be blended with the isolated soy protein to
substitute for a portion of the isolated soy protein as a source of soy
protein material. [00032] In yet another embodiment, the soy protein
material may be soy flour, which has a protein content of about 49% to
about 65% on a moisture-free basis. The soy flour may be defatted soy
flour, partially defatted soy flour, or full fat soy flour. Alternatively,
soy flour may be blended with isolated soy protein or soy protein
concentrate. Any combination of soy flour, isolated soy protein, or soy
protein concentrate will work. One skilled in the art can combine these
ingredients depending on the desired attributes of the end use product.
[00033] When soy flour is used, the starting material is typically a
defatted soy flour or flakes. Full fat soybeans contain approximately 40%
protein by weight and approximately 20% oil by weight. These whole full fat
soybeans may be defatted through conventional processes when a defatted soy
flour or flakes form the starting protein material. For example, the
soybean may be cleaned, dehulled, cracked, passed through a series of
flaking rolls and then subjected to solvent extraction by use ofhexane or
other appropriate solvents to extract the oil and produce defatted flakes.
The defatted flakes may be ground to produce a soy flour. Although the
process is yet to be employed with full fat soy flour, it is believed that
full fat soy flour may also serve as a protein source. However, where full
fat soy flour is processed, it is most likely necessary to use a separation
step, such as three stage centrifugation to remove oil. [00034] In a
further embodiment, the soy protein material may be soymilk. Alternatively,
soymilk may be blended with isolated soy protein, soy protein concentrate,
or soy flour. Any combination of soy flour, isolated soy protein, or soy
protein concentrate will work. One skilled in the art can combine these
ingredients, depending on the desired attributes of the end use product.
[00035] In an alternate embodiment, the soy protein material may be soymilk
powder. Alternatively, soymilk powder may be blended with isolated soy
protein, soy protein concentrate, or soy flour. Any combination of soy
flour, isolated soy 



protein, or soy concentrate will work. One skilled in the art can combine
these ingredients depending on the desired attributes of the end use
product. [00036] In a further alternate embodiment , the soy protein
material may be material that has been separated into four major storage
protein fractions or subunits (7S, 11S. 2S, and 15S) on the basis of
sedimentation in a centrifuge. In general, the 11S fraction is highly
enriched in glycinin and the 7S fraction is highly enriched in b-
conglycinin. [00037] In general, the starting soy protein material
typically comprises a mixture of proteins having a range of sizes. In one
embodiment, the proteins in the soy material may range in size from about
1000 Daltons to about 500,000 Daltons. In another embodiment, the proteins
in the soy material may range in size from about 3000 Daltons to about
100,000 Daltons. [00038] In another embodiment, the protein material may be
derived from a plant other than soy. By way of non-jimiting example,
suitable plants include amaranth, arrowroot, barley, buckwheat, canola,
cassava, channa (garbanzo), legumes, lentils, lupin, maize, millet, oat,
pea, potato, rice, rye, sorghum, sunflower, tapioca, triticale, wheat, and
mixtures thereof. Especially preferred plant proteins include barley,
canola, lupin, maize, oat, pea, potato, rice, wheat, and combinations
thereof. In oneembodiment, the plant protein material may be canola meal,
canola protein isolate, canola protein concentrate, and combinations
thereof. In another embodiment, the plant protein material may be maize or
corn protein powder, maize or corn protein concentrate, maize or corn
protein isolate, maize or corn germ, maize or corn gluten, maize or corn
gluten meal, maize or corn flour, zein protein, and combinations thereof.
In still another embodiment, the plant protein material may be barley
powder, barley protein concentrate, barley protein isolate, barley meal,
barley flour, and combinations thereof. In an alternate embodiment, the
plant protein material may be lupin flour, lupin protein isolate, lupin
protein concentrate, and combinations thereof. In another alternate
embodiment, the plant protein material may be oatmeal, oat flour, oat
protein flour, oat protein isolate, oat protein concentrate, and
combinations thereof. In yet another embodiment, the plant protein material
may be pea flour, pea protein isolate, pea protein concentrate, and
combinations thereof. In still another embodiment, the plant protein
material may be potato protein powder, potato protein isolate, potato
protein concentrate, potato flour, and combinations thereof. In a further
embodiment, the plant protein material may be rice flour, rice meal, rice
protein powder, rice protein isolate, rice protein concentrate, and
combinations thereof. In another alternate 



embodiment, the plant protein material may be wheat protein powder, wheat
gluten, wheat germ, wheat flour, wheat protein isolate, wheat protein
concentrate, solubilized wheat proteins, and combinations thereof. [00039]
In another embodiment, the protein material may be derived from dairy.
Non-limiting examples of suitable dairy proteins include non-fat dried milk
powder, milk protein isolate, milk protein concentrate, acid casein,
caseinate (e.g. sodium caseinate and calcium caseinate) casein protein
isolate, casein protein concentrate, whey protein concentrate, whey protein
isolate, and combinations thereof. The milk protein material may be derived
from cows, goats, sheep, donkeys, camels, camelids, yaks, and water
buffalos. [00040] It is also envisioned that combinations of soy protein
material and at least one other protein material may be used in the process
of the invention. That is, a protein hydrolysate composition may be
prepared from a combination of a soy protein material and at least one
other protein material. In one embodiment, a proteinhydrolysate composition
may be prepared from a combination of a soy protein material and one other
protein material selected from the group consisting of barley, canola,
lupin, maize, oat, pea, potato, rice, wheat, and dairy. In another
embodiment, a protein hydrolysate composition may be prepared from a
combination of a soy protein material and two other protein materials
selected from the group consisting of barley, canola, lupin, maize, oat,
pea, potato, rice, wheat, and dairy. In further embodiments, a protein
hydrolysate composition may be prepared from a combination of a soy protein
material and three or more other protein materials selected from the group
consisting of barley, canola, lupin, maize, oat pea potato, rice, wheat,
and dairy. Non-limiting combinations include soy protein and dairy protein,
soy protein and canola protein, soy protein and wheat protein, soy protein
and corn protein, soy protein and rice protein, soy protein and pea
protein, soy protein and lupine protein. [00041] Further, combinations of
the various protein materials apart from and including the soy protein are
possible. b. protein slurry [00042] The concentrations of the soy protein
material and the other protein material used in combination can and will
vary. The amount of soy protein material may range from about 1% to about
99% of the total protein used in the combination. In one embodiment, the
amount of soy protein material may range from about 1% to about 20% of the
total protein used in combination. In another embodiment, the amount of soy
protein material may range from about 20% to about 40% of the total protein
used 



in combination. In still another embodiment, the amount of soy protein
material may range from about 40% to about 80% of the total protein used in
combination. In a further embodiment, the amount of soy protein material
may range from about 80% to about 99% of the total protein used in
combination. Likewise, the amount of the (at least one) other protein
material may range from about 1% to about 99% of the total protein used in
combination. In one embodiment, the amount of other protein material may
range from about 1% to about 20% of the total protein used in combination.
In another embodiment, the amount of other protein material may range from
about 20% to about 40% of the total protein used in combination. In still
another embodiment, the amount of other protein material may range from
about 40% to about 80% of the totalprotein used in combination. In a
further embodiment, the amount of other protein material may range from
about 80% to about 99% of the total protein used in combination. [00043] In
the process of the invention, the protein material is typically mixed or
dispersed in water to form a slurry comprising about 1% to about 25%
protein (as is) by weight. In one embodiment, the slurry may comprise about
1% to about 5% protein (as is) by weight. In another embodiment, the slurry
may comprise about 6% to about 10% protein (as is) by weight. In a further
embodiment, the slurry may comprise about 11% to about 15% protein (as is)
by weight. In still another embodiment, the slurry may comprise about 16%
to about 25% protein (as is) by weight. [00044] After the protein material
is dispersed in water, the slurry of protein material may be heated from
about 7O0C to about 9O0C for about 2 minutes to about 20 minutes to
inactivate putative endogenous protease inhibitors. The pH and the
temperature of the protein slurry can be adjusted so as to optimize the
hydrolysis reaction, and to ensure that the endopeptidase used in the
hydrolysis reaction functions near its optimal activity level. The pH of
the protein slurry may be adjusted and monitored according to methods
generally known in the art. The pH of the protein slurry may be adjusted
and maintained at a value from about 5.0 to about 11.0. However, in one
embodiment, the pH of the protein slurry is not adjusted. The pH is
maintained at from about 6.3 to about 6.8. The enzyme treated protein
slurry is then incubated for 30 minutes at a pH from about 6.3 to about 6.8
and then the pH is adjusted to 7.0. In one embodiment, the pH of the
protein slurry may be adjusted and maintained at from about 7.0 to about
8.0. In another embodiment, the pH of the protein slurry may be adjusted
and maintained at from about 8.0 to about 9.0. In yet another embodiment,
the pH of the protein slurry may be adjusted and maintained at from about
9.0 to about 10.0. In a 



preferred embodiment, the pH of the protein slurry may be adjusted and
maintained at about 8.0. The temperature of the protein slurry is
preferably adjusted and maintained at from about 3O0C to about 700C during
the hydrolysis reaction in accordance with methods known in the art. In
general, temperatures above or below this range may inactivate the
endopeptidase. In one embodiment, the temperature of the protein slurrymay
be adjusted and maintained at from about 4O0C to about 6O0C during the
hydrolysis reaction in accordance with methods known in the art. /.
endopeptidase [00045] The hydrolysis reaction is generally initiated by
adding an endopeptidase to the slurry of protein material to form a
reaction mixture. Reaction of the endopeptidase with the protein material
leads to hydrolysis of the protein material into smaller polypeptides. This
endopeptidase will selectively cleave proteins on the carboxyl terminal
side of either glutamic acid or aspartic acid. The endopeptidase is a
serine protease, specifically GE. GE has an optimal activity at a pH from
about 6.0 to about 11.0 and at a temperature from about 3O0C to about 7O0C,
with the optimum temperature being about 5O0C at pH 9.0. [00046] The
endopeptidase can be an enzyme of microbial origin. The use of microbial
enzymes rather than animal or plant enzymes is advantageous in that
microbial enzymes exhibit a broad spectrum of characteristics (pH optima,
temperature, etc.) and may be consistently obtainable in relatively large
quantities. A non-limiting example of suitable endopeptidases include GE a
serine protease from Bacillus licheniformis (UNIPROT: P80057) as previously
discussed. GE cleaves the peptide bond on the carboxyl terminal side of
glutamic acid or aspartic acid. [00047] In one embodiment, the
endopeptidase may be a serine protease having an amino acid sequence that
is at least 80% identical to SEQ ID NO:1 shown in Table 1, and has protease
activity. In another embodiment, the endopeptidase may be a serine protease
having an amino acid sequence that is at least 85% identical to SEQ ID NO:1
and has protease activity. In still another embodiment, the endopeptidase
may be a serine protease having an amino acid sequence that is at least 90%
identical to SEQ ID NO:1 and has protease activity. In an alternate
embodiment, the endopeptidase may be a serine protease having an amino acid
sequence that is at least 95% identical to SEQ ID NO:1 and has protease
activity. In another alternate embodiment, the endopeptidase may be a
serine protease having an amino acid sequence that is at least 97%
identical to SEQ ID NO:1 and has protease activity. In a further
embodiment, the endopeptidase may be a serine protease having an amino acid



sequence that is at least 99% identical to SEQ ID NO:1 and has protease
activity.Table 1 SEQ ID NO: 1
MVSKKSVKRGLITGLIGISIYSLGMHPAQAAPSPHTPVSSDPSYKAETSVTYDPNIKSD
QYGLYSKAFTGTGKVNETKEKAEKKSPAKAPYSIKSVIGSDDRTRVTNTTAYPYRAIV
HISSIGSCTGWMIGPKTVATAGHCIYDTSSGSFAGTATVSPGRNGTSYPYGSVKSTR
YFIPSGWRSGNTNYDYGAIELSEPIGNTVGYFGYSYTTSSLVGTTVTISGYPGDKTAG
TQWQHSGPIAISETYKLQYAMDTYGGQSGSPVFEQSSSRTNCSGPCSLAVHTNGVY
GGSSYNRGTRITKEVFDNLTNWKNSAQ [00048] The degree of sequence identity between
two amino acid sequences may be determined using the BLASTp algorithm of
Karlin and Altschul (Proc. Natl. Acad. Sci. USA 87:2264-2268, 1990). The
percentage of sequence identity is determined by comparing two optimally
aligned sequences over a comparison window, wherein the portion of the
amino acid sequence in the comparison window may comprise additions or
deletions (i.e., gaps) as compared to the reference sequence (which does
not comprise additions or deletions) for optimal alignment of the two
sequences. The percentage is calculated by determining the number of
positions at which an identical amino acid occurs in both sequences to
yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of comparison and
multiplying the result by 100 to yield the percentage of sequence identity.
[00049] A skilled practitioner will understand that an amino acid residue
may be substituted with another amino acid residue having a similar side
chain without affecting the function of the polypeptide. For example, a
group of amino acids having aliphatic side chains is glycine, alanine,
valine, leucine, and isoleucine; a group of amino acids having
aliphatic-hydroxyl side chains is serine and threonine; a group of amino
acids having amide-containing side chains is asparagine and glutamine; a
group of amino acids having aromatic side chains is phenylalanine,
tyrosine, and tryptophan; a group of amino acids having basic side chains
is lysine, arginine, and histidine; and a group of amino acids having
sulfur-containing side chains is cysteine and methionine. Preferred
conservative amino acid substitution groups include:
valine-leucineisoleucine, phenylalanine-tyrosine, lysine-arginine,
alanine-valine, and asparagineglutamine. Thus, the endopeptidase may have
at least one conservative amino acid substitution with respect to SEQ ID
NO:1 . In one embodiment, the endopeptidase may have about 35 conservative
amino acid substitutions with respect to SEQ ID NO:1 . Inanother
embodiment, the endopeptidase may have about 25 conservative amino acid
substitutions with respect to SEQ ID NO:1 . In yet another embodiment, the 



endopeptidase may have about 15 conservative amino acid substitutions with
respect to SEQ ID NO:1 . In still embodiment, the endopeptidase may have
about 10 conservative amino acid substitutions with respect to SEQ ID NQ:
1. In yet another embodiment, the endopeptidase may have about 5
conservative amino acid substitutions with respect to SEQ ID NO:1 . In a
further embodiment, the endopeptidase may have about one conservative amino
acid substitutions with respect to SEQ ID NO:1 . [00050] The fragment of
any of these sequences having protease activity may be the amino acid
sequence of the active enzyme, e.g. after processing, such as after any
signal peptide and/or propeptide has been cleaved off. [00051] The
endopeptidase may also be an enzyme of mammalian origin, e.g. bovine or
porcine origin. [00052] Various combinations of protein material and
endopeptidase are presented in Table 2. Table 2 [00053] The amount of
endopeptidase added to the protein slurry can and will vary depending upon
the source of the protein material, the desired degree of hydrolysis, and
the duration of the hydrolysis reaction. The amount may range from about 1
mg to about 5000 mg of endopeptidase per kilogram of protein material. In
oneembodiment, the amount may range from 1 mg to about 20 mg of
endopeptidase per kilogram of protein material. In another embodiment, the
amount may range from 20 mg to about 1000 mg of endopeptidase per kilogram
of protein material. In yet another embodiment, the amount may range from
about 1000 mg to about 5000 mg of endopeptidase per kilogram of protein
material. [00054] As will be appreciated by a skilled artisan, the duration
of the hydrolysis reaction can and will vary, depending upon the
concentration of the endopeptidase and the desired degree of hydrolysis,
for example. Generally speaking, the duration of the hydrolysis reaction
may range from a few minutes to many hours, such as, from about 5 minutes
to about 5 hours. In preferred embodiment, the duration of the reaction may
be about 30 minutes. [00055] To end the hydrolysis reaction, the reaction
mixture may be heated to a temperature that is high enough to inactivate
the endopeptidase. For example, heating the reaction mixture to a
temperature of approximately 90 C will substantially heat-inactivate most
proteases. //. optional exopeptidase [00056] The process may further
comprise contacting the protein 



hydrolysate with an exopeptidase. Generally, exopeptidases act only near
the ends of a polypeptide chain. Those acting at a free amino terminus
liberate a single amino acid residue (i.e., aminopeptidases; APs), a
dipeptide (i.e., dipeptidyl-peptidases) or a tripeptide (i.e.,
tripeptidyl-peptidases). The exopeptidases acting at a free carboxyl
terminus liberate a single amino acid (i.e., carboxypeptidases; CPs) or a
dipeptide (i.e., peptidyl-dipeptidases). Some exopeptidases are specific
for dipeptides (i.e., dipeptidases) or remove terminal residues that are
substituted, cyclized or linked by isopeptide bonds lsopeptide bonds are
peptide linkages other than those of a carboxyl group to an a-amino group,
and this group of enzymes is characterized by omega peptidases. [00057]
Typically, the exopeptidase will be a food-grade enzyme having optimal
activity at a pH from about 6.0 to about 8.0 and at a temperature from
about 5O0C to about 600C. The exopeptidase may be of microbial origin.
Examples ofexopeptides suitable for use in the process of the invention
include aminopeptidase from Aspergillus oryzae (SEQ ID NO: 2 in
International Application No. WO 96/28542 incorporated by reference in its
entirety, aminopeptidase from Bacillus licheniformis (UNIPROTE: Q65DH7),
carboxypeptidase D from Aspergillus oryzae (UNIPROT: Q2TZ1 1),
carboxypeptidase Y from Aspergillus oryzae (UNIPROT: Q2TYA1), combinations
thereof. [00058] The amount of exopeptidase added to the protein
hydrolysate can and will vary, depending upon a variety of factors. The
amount of exopeptidase may range from about 1 mg to about 5,000 mg of
exopeptidase per kilogram of starting protein material. In one embodiment,
the amount may range from 1 mg to about 20 mg of exopeptidase per kilogram
of starting protein material. In another embodiment, the amount may range
from 20 mg to about 1,000 mg of exopeptidase per kilogram of starting
protein material. In yet another embodiment, the amount may range from
about 1,000 mg to about 5,000 mg of exopeptidase per kilogram of starting
protein material. [00059] The pH of the protein hydrolysate may be adjusted
to bring the pH of the solution to a level that is optimal for the
exopeptidase. The pH of the hydrolysate may be adjusted via the addition of
either an acid solution or a basic solution. The duration of the
exopeptidase reaction can and will vary. Generally speaking, the duration
of the hydrolysis reaction may range from a few minutes to many hours, such
as, from about 5 minutes to about 5 hours. In a preferred embodiment, the
duration of the reaction may be about 30 to 60 minutes. The reaction may be
terminated in a manner similar to those discussed above for the
endopeptidase reaction. 



c. embodiments [00060] In an exemplary embodiment, the protein material may
be derived from soy, and the soy material may be isolated soy protein. The
endopeptidase is GE and the reaction may be conducted at a temperature from
about 4O0C to about 7O0C and at a pH from about 6.0 to about 8.5. [00061]
In further exemplary embodiment, the protein material may be derived from
soy, and the soy material may be soy protein concentrate. The endopeptidase
is GE and the reaction may be conducted at a temperature from about4O0C to
about 7O0C and at a pH from about 6.0 to about 8.5. The soy protein
concentrate may be used in combination with isolated soy protein. [00062]
In another exemplary embodiment, the protein material may be derived from
soy, and the soy material may be soy flour. The endopeptidase is GE and the
reaction may be conducted at a temperature from about 4O0C to about 7O0C
and at a pH from about 6.0 to about 8.5. The soy flour may be used in
combination with soy protein concentrate and/or isolated soy protein.
[00063] In an exemplary embodiment, the protein material may be derived
from soy, and the soy material may be soymilk. The endopeptidase is GE and
the reaction may be conducted at a temperature from about 400C to about
7O0C and at a pH from about 6,0 to about 8.5. The soymilk may be used in
combination with soy flour, soy protein concentrate, and/or isolated soy
protein. [00064] In another exemplary embodiment, the protein material may
be derived from soy, and the soy material may be soymilk powder. The
endopeptidase is GE and the reaction may be conducted at a temperature from
about 400C to about 7O0C and at a pH from about 6.0 to about 8.5. The
soymilk powder may be used in combination with soymilk, soy flour, soy
protein concentrate, and/or isolated soy protein. //. Protein Hydrolysate
Composition [00065] Another aspect of the invention encompasses a protein
hydrolysate composition. The protein hydrolysate composition comprises a
mixture of polypeptides enriched in a 47 kDa fragment. The polypeptides of
the protein hydrolysate composition are between about 10% to about 66% 47
kDa fragments. The polypeptides in the protein hydrolysate composition may
be derived from different sources of protein including soy, amaranth,
arrowroot, buckwheat, canola, cassav ei , channa (garbonz ) , corn, legume,
lentils, lupin, millet, oat, pea, rye sorghum, sunflower, tapioca,
triticale, dairy, and combinations thereof. In one embodiment, the protein
material may be a soy protein material. A variety of soy protein materials
may be used in the process of the 



invention to generate a soy protein hydrolysate. In general, the soy
protein material may be derived from whole soybeans in accordance with
methods known in the art. The whole soybeans may be commodity soybeans
(i.e., non genetically modifiedsoybeans), genetically modified soybeans,
and combinations thereof. Genetically modified soybeans include soybeans
with modified protein, oil, or carbohydrate compositions, such as high
b-conglycinin soybeans and high oleic soybeans. Suitable examples of soy
protein material include soy extract, soy curd, soy flour, isolated soy
protein, soy protein concentrate, soymilk, soymilk powder, and mixtures
thereof. [00066] In general, the protein hydrolysate composition, as
compared with the starting protein material, will comprise a mixture of
polypeptides of varying lengths and molecular sizes. In an exemplary
embodiment, the molecular size of the polypeptides will be enriched in a 47
kDa fragment. [00067] The degree of hydrolysis of the protein hydrolysate
composition can and will vary depending upon the source of the protein
material and the degree of completion of the reaction. [00068] The protein
hydrolysate compositions have enhanced whiteness as measured using the
whiteness index described herein (Figure 4). At a degree of hydrolysis of
0.5% to 1%, a marked effect is seen on the whiteness of the resulting
product when made into either a gel or slurry. The effect of enzyme
concentration on whiteness index of the product increases in a dose
dependent fashion. Whiter hydrolysates are desirable for use in many food
applications such as beverages, gels and meat systems. The soy protein
hydrolysates of the present invention are much lighter in color than
unhydrolyzed soy protein. The enzyme GE cleaves proteins at Cterminal of
glutamic acid and aspartic acid residues. Whiteness is measured using the
whiteness index described below. The Whiteness Index [00069] The "whiteness
index" of a soy protein product refers to the color of the
soy-protein-containing composition. Many soy protein-containing
compositions will have, to varying degrees, a yellowish or brownish color.
In general, the color of these compositions can be "improved," i.e., the
"whiteness index" of the product can be increased by the process of the
present invention. In general, the whiteness index is determined using a
colorimeter which provides the L, a, and b color values for the composition
from which the whiteness index may be calculated using a standard
expression of the Whiteness Index (Wl), Wl = L-3b. The L component
generallyindicates the whiteness or, "lightness", of the sample; L values
near 0 indicate a black sample while L values near 100 indicate a white
sample. The b value indicates yellow 



and blue colors present in the sample; positive b values indicate the
presence of yellow colors while negative b values indicate the presence of
blue colors. The a value, which may be used in other color measurements,
indicates red and green colors; positive values indicate the presence of
red colors while negative values indicate the presence of green colors. For
the b and a values, the absolute value of the measurement increases
directly as the intensity of the corresponding color increases. Generally,
the colorimeter is standardized using a white standard tile provided with
the colorimeter. A sample is then placed into a glass cell which is
introduced to the colorimeter. The sample cell is covered with an opaque
cover to minimize the possibility of ambient light reaching the detector
through the sample and serves as a constant during measurement of the
sample. After the reading is taken, the sample cell is emptied and
typically refilled as multiple samples of the same material are generally
measured and the whiteness index of the material expressed as the average
of the measurements. Suitable colorimeters generally include those
manufactured by HunterLab (Reston, VA) including, for example, Model #
DP-9000 with Optical Sensor D 25. [00070] Whiteness index measurements of a
5% by weight solids sample of the suspension before and after treatment are
determined using a HunterLab DP-9000 colorimeter including an optical
sensor D-25, both manufactured by Hunter Associates Laboratory (HunterLab)
(Reston, VA). For the whiteness index measurement in the large scale
production platform, protein samples are dispersed on a 5% w/w basis: (5g)
is added to deionized water ( 100 mL). The results obtained using the
Hunter Colorimeter are reported in units of L, a, and b. Whiteness Index is
calculated from the L and b scale values using the following: Whiteness
Index = L - 3b. Soy Protein Hydrolysates [00071] In embodiments in which
the protein material is soy, the protein hydrolysate composition may
comprise at least one polypeptides selected from the group consisting of
SEQ ID NO: 8 , SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 2 1, SEQ ID NO: 22,
SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26 and combinations
thereof (See Table 6). The invention also encompasses any of
thepolypeptides that may be purified from the soy protein hydrolysate
compositions of the invention. An oligopeptide may be purified by a
chromatographic method, such as size exclusion chromatography, ion exchange
chromatography, affinity chromatography, fast protein liquid chromatography
(FPLC), high performance liquid chromatography (HPLC), and so forth. For
example, the polypeptide fragment may be selected from the group consisting
of SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 2 1, 



SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, or SEQ ID NO:
26. Additionally, the invention also encompasses polypeptides that are
substantially similar in sequence to SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO:
10, SEQ ID NO: 2 1, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO:
25, or SEQ ID NO: 26. Typically, the oligopeptide may have at least 70, 75,
80, 85, 90, 95, or 99% sequence identity to an oligopeptide having SEQ ID
NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 2 1, SEQ ID NO: 22, SEQ ID
NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, or SEQ ID NO: 26. Food Products
[00072] A further aspect of the present invention is the provision-of a
food product comprising any of the protein hydrolysate compositions
described herein. Alternatively, the food product may comprise any of the
isolated polypeptide fragments described herein. [00073] The selection of a
particular protein hydrolysate composition or isolated polypeptide fragment
can and will vary depending upon the food product to be formed. Food
products of the current invention can include beverages, yogurts, protein
bars, whipped food products, cheeses, and other dairy based applications,
and extruded food products. It can also be used in meat based gels, and
whole muscle meat applications. For food products where it is desirable to
minimize the bitterness or astringency sensory attributes, a soy protein
hydrolysate composition having a degree of hydrolysis closer to 1% than to
6% is typically selected. Additionally, for food products where it is
desirable to minimize the grain and soy/legume sensory attributes, a soy
protein hydrolysate composition having a degree of hydrolysis closer to 6%
than to 1% is typically selected. [00074] As noted, the protein hydrolysate
compositions can be used in a variety of food and/or beverage applications.
Non-limiting examples of beveragesinclude smoothies, nutritional drinks,
energy drinks, sports drinks, soymilk drinks, flavored soy drinks, rice
milk drinks, infant formula, teas, coffee drinks, or combinations thereof.
[00075] In another embodiment, the protein hydrolysate can be used in dairy
products. The dairy products include, but are not limited to, cheese, ice
cream, ice cream products, milkshakes, yogurts, whipping cream, sour cream,
cottage cheese, or dairy beverages. Dairy beverages include milk, flavored
milk drinks, goat milk, liquid yogurt, smoothies, or buttermilk. [00076] In
an alternate embodiment, the protein hydrolysate can be used in a
nutritional supplement. The nutritional supplement may be liquid or solid.
In another 



alternate embodiment, the protein hydrolysate can be used in a protein bar,
such as a granola bar, a cereal bar, a nutrition bar, or an energy bar.
[00077] In still another embodiment, the protein hydrolysate can be used in
an extruded food product. Extruded food products include, but are not
limited to, cerealderived products such as breakfast cereals, pasta,
breads, baked products (i.e., cakes, pies, rolls, cookies, crackers),
puffed snack products, nuggets, or tortillas. [00078] In yet another
embodiment, the protein hydrolysate can be used in a meat product or a meat
analog. Examples of meat products include, but are not limited to,
processed meats, comminuted meats, whole muscle meat product, and surimi
products. The meat may be animal meat or seafood meat. The meat analog may
be a textured vegetable or dairy protein that mimics animal or seafood meat
in texture. The meat analog may be part or all of the meat in a food
product. [00079] Whipped food products that can be made using these protein
hydrolysates include icings and toppings for cakes and tortes, fillings for
pastries, pies, and donuts, parfaits and mousses, and meringues.DEFINITIONS
[00080] To facilitate understanding of the invention, several terms are
defined below. Table 3. SQS Lexicon [00081] The term "degree of hydrolysis"
(DH) refers to the percent of specific peptide bonds that were hydrolyzed
(that is, the number of cleaved out of the total number of peptide bonds
present in the intact protein). The % DH was estimatedusing the simplified
trinitrobenzene sulfonic acid (S-TNBS) method. This procedure is accurate,
reproducible and is a generally applicable procedure for determining the
degree of hydrolysis of food protein hydrolysates. [00082] The term
"endopeptidase" refers to an enzyme that hydrolyzes internal peptide bonds
in oligopeptide or polypeptide chains. The group of endopeptidases
comprises enzyme subclasses EC 3.4.21-25 (International Union of
Biochemistry and Molecular Biology enzyme classification system). [00083]
The term "exopeptidase" refers to an enzyme that hydrolyzes proteins and/or
peptides at or near their amino- or carboxyl termini. The group of
exopeptidases comprises enzyme subclasses EC 3.4.1 1-1 8 (International
Union of Biochemistry and Molecular Biology enzyme classification system).
[00084] A "food grade enzyme" " is an enzyme that is generally recognized
as safe (GRAS) approved and is safe when consumed by an organism, such as a
human. Typically, the enzyme and the product from which the enzyme may be
derived 



are produced in accordance with applicable legal and regulatory guidelines.
[00085] A "hydrolysate" is a reaction product obtained when a compound is
cleaved through the effect of water, Protein hydrolysates occur subsequent
to thermal, chemical, or enzymatic degradation. During the reaction,
proteins are broken down into polypeptides and free amino acids. These
products may be soluble or insoluble in water or water-based buffer
solutions. [00086] A "peptide" is a short polymer of amino acids, generally
20 amino acids or less. A "polypeptide" is a polymer of amino acids greater
than 20. Both of these polymers contain only primary structure.
Polypeptides are formed initially during protein synthesis, and upon
"folding" into their native state (i.e., the formation of secondary,
tertiary, and quaternary structures) become proteins. In this application,
reference to a polypeptide means the generation of a long chain polymer
from the hydrolysis of a protein. [00087] A "protein" is a polymer of amino
acids that form an active molecule in its native (i.e., undenatured) state.
The native state of a protein can have primary, secondary, tertiary, and or
quaternary structures. The primary structure of a protein is its amino acid
sequence. Proteins typically have secondary structure, Which is formedfrom
the interaction of intrachain amino acids. These structures are formed via
hydrogen bonding, and are either alpha helixes or "sheets" of interacting
amino acids known as beta sheets. Proteins also typically have tertiary
structures as well. Tertiary structures are formed through the intrachain
interaction of amino acid residues, and occur through ionic, hydrophobic,
or other chemical interactions. Some proteins contain one or more
"subunits", which interact molecularly to form quaternary structures.
Protein subunits are composed of a single polypeptide chain and contain
secondary and (usually) tertiary structures. [00088] The term "sensory
attribute," such as used to describe terms like "grain," "soy/legume," or
"bitter" is determined in accordance with the SQS Scoring System as
specifically delineated in Example 11. [00089] The terms "isolated soy
protein" or "soy protein isolate," as used herein, refer to a soy material
having a protein content of at least about 90% soy protein on a moisture
free basis. An isolated soy protein is formed from soybeans by removing the
hull and germ of the soybean from the cotyledon, flaking or grinding the
cotyledon and removing oil from the flaked or ground cotyledon, separating
the soy protein and carbohydrates of the cotyledon from the cotyledon
fiber, and subsequently separating the soy protein from the carbohydrates. 



[00090] The term "soy protein concentrate" as used herein is a soy material
having a protein content of from about 65% to less than about 90% soy
protein on a moisture-free basis. Soy protein concentrate may also contain
soy cotyledon fiber, typically from about 3.5% up to about 20% soy
cotyledon fiber by weight on a moisturefree basis. A soy protein
concentrate is formed from soybeans by removing the hull and germ of the
soybean, flaking or grinding the cotyledon and removing oil from the flaked
or ground cotyledon, and separating the soy protein and soy cotyledon fiber
from the soluble carbohydrates of the cotyledon. [00091] The term "soy
flour" as used herein, refers to full fat soy flour, enzyme-active soy
flour, defatted soy flour, partially defatted soy flour, and mixtures
thereof. Defatted soy flour refers to a comminuted form of defatted soybean
material, preferably containing less than about 1% oil, formed of particles
having a size such that the particles can pass through a No. 100 mesh (U.S.
Standard) screen. The soy cake,chips, flakes, meal, or mixture of the
materials are comminuted into soy flour using conventional soy grinding
processes. Soy flour has a soy protein content of about 49% to aboutf65% on
a moisture free basis. Preferably the soy flour is very finely ground, most
preferably so that less than about 1% of the soy flour is retained on a 300
mesh (U.S. Standard) screen. Full fat soy flour refers to ground whole
soybeans containing all of the original oil, usually 18% to 20%. The flour
may be enzyme-active or it may be heat-processed or toasted to minimize
enzyme activity. Enzyme-active soy flour refers to a full fat soy flour
that has been minimally heat-treated in order not to neutralize its natural
enzymes. [00092] The term "soymilk" as used herein, refers to an aqueous
mixture of any one or more of the following, finely ground soybeans, soy
flour, soy flakes, soy concentrate, isolated soy protein, soy whey protein,
and aqueous extracts of any one or more of the following: soybeans, soy
flakes and soy flour where insoluble material has been removed. Soymilk may
comprise additional components including but not limited to fats,
carbohydrates, sweeteners, colorants, stabilizers, thickeners, flavorings,
acids, and bases. [00093] The term "soymilk powder" as used herein, refers
to a dewatered soymilk, Soymilk may be dewatered by many processes that
include but are not limited to spray drying, tray drying, tunnel drying,
and freeze drying. [00094] The term " simplified trinitrobenzene sulfonic
acid (S-TNBS) method" as used herein, refers to an accurate, reproducible
and generally applicable procedure for determining the degree of hydrolysis
of food protein hydrolysates. For 



this, 0.1 g of the soy protein hydrolysate was dissolved in 100 mL of 0.025
N NaOH. An aliquot (2.0 mL) of the hydrolysate solution was mixed with 8 mL
of 0.05 M sodium borate buffer (pH 9.5). Two mL of the buffered
hyidrolysate solution was treated with 0.20 mL of 10% trinitrobenzene
sulfonic acid, followed by incubation in the dark for 15 minutes at room
temperature. The reaction was quenched by adding 4 mL of a 0.1 M sodium
sulfite-0.1 M sodium phosphate solution ( 1 :99 ratio), and the absorbance
was read at 420 nm. A 0.1 mM glycine solution was used as the standard. The
following calculation was used to determine the percent recovery for the
glycine standard solution: [(absorbance of glycine at 420 nm - absorbance
of blank at 420 nm) x(100/0.710)]. Values of 94% or higher were considered
acceptable. (Jens Adler-Nissen ( 1979) "Determination of the Degree of
Hydrolysis of Food Protein Hydrolysates by Trinitrobenzenesulfonic Acid,"
J. Agric Food Chem. 1 27(6): 1256-1262. [00095] When introducing elements
of the present invention or the preferred embodiments(s) thereof, the
articles "a", "ah", "the" and "said" are intended to mean that there are
one or more of the elements. The terms "comprising", "including" and
"having" are intended to be inclusive and mean that there may be additional
elements other than the listed elements. [00096] As various changes could
be made in the above compounds, products and methods without departing from
the scope of the invention, it is intended that all matter contained in the
above description and in the examples given below, shall be interpreted as
illustrative and not in a limiting sense. EXAMPLES [00097] The following
examples illustrate various embodiments of the invention. Example 1.
Preparation of a Soy Protein Product From Defatted Soy Flour [00098] About
30 lbs of defatted soy flour was added to 250 lbs of water to make a 10%
solids slurry at pH 6.5. The slurry was heated to 540C ( 13O0F) and stirred
for 30 minutes without pH adjustment. The pH of the slurry was then
adjusted to pH 7.0 using 80 ml NaOH (0.6% on solid basis), forming a
neutral slurry. The neutral slurry was heated to 160.50C (321 0F) and held
for 27 seconds. The hot neutralized slurry was cooled down to 530C (1280F)
and then dried in a spray dryer to form a soy protein product. Solids to
the dryer was 9.9% at pH 6.84. Example 2. Preparation of a Soy Protein
Product From Defatted Soy Flour Treated With 2.4 mg GE [00099] About 30 lbs
of defatted soy flour was added to 250 lbs of to make 



a 10% solids slurry at pH 6.5. The slurry was heated to 540C (13O0F) and
2.4 mg GE enzyme protein/kg protein solid was added and held for 30 minutes
with agitation. After30 minutes the pH was adjusted to 7.0 using 70 ml NaOH
(0.6% on solid basis) to form an enzyme-treated neutral slurry. The pH had
dropped to 6.23 during the enzyme treatment. The enzyme-treated neutral
slurry was heated to 160.50C (321 0F) and held for 27 seconds. The hot
neutral enzyme-treated slurry was cooled to 530C (1280F) and then dried in
a spray drier. Solids to the dryer was 9.6% at pH 6.82. Example 3.
Preparation of a Soy Protein Product From Defatted Soy Flour Treated With
4.8 mg GE [000100] 30 lbs of defatted soy flour was added to 250 lbs of
water to make a 10% solids slurry at pH 6.5. The slurry was heated to 540C
( 13O0F) and 4.8 mg GE enzyme protein/kg protein solid was added and held
for 30 minutes with agitation. After 30 minutes the pH was adjusted to 7.0
using 100 ml NaOH (0.8% on solid basis) to form an enzyme-treated neutral
slurry. The pH had dropped to 6.32 during the enzyme treatment. The
enzyme-treated neutral slurry was heated to 160.50C (321 0F) and held for
27 seconds. The hot neutral enzyme-treated slurry was cooled to 530C
(1280F) and then dried in a spray drier. Solids to the dryer was 9.6% at pH
6.84. [000101] The protein compositions of Examples 1 to 3 were analyzed by
SDS-PAGE using standard procedure, and Figure 2 presents an image of the
gel. This analysis revealed that GE selectively cleaved the extension
region of a and a' subunits of b-conglycinin thereby releasing it from the
hydrophobic core region, a 47 kDa fragment. Example 4. Enrichment of 47 kDa
Polypeptides by Salt Treatment [000102] The soy protein product from
Example 2 was further treated by 2% salt (NaCI). The procedure was as
follows: a 2% salt solution was prepared by dissolving 2g of NaCI in 100 ml
of water. 2g of each of the soy protein products produced in Example 2 were
combined with 5Og of the salt solution and mixed to obtain dispersions at
75C for 30 minutes. The dispersion was centrifuged at 3000 x G for 10
minutes to separate the precipitate from the supernatant. The supernatant
is identified as containing the glycinin ( 1 1S) and b subunit of
b-conglycinin (7S), and the precipitate is identified as containing the 47
kDa polypeptide as presented in Figure 5.Example 5. Enrichment of 47kDa
polypeptide by anionic chromatography [000103] An anionic exchange column,
Q Sepharose XL (GE Healthcare) was used to separate the 47 kDa polypetides
from other protein components in GE treated protein. One milliliter of 1%
protein solution was passed through the 1-ml column at 1 ml/min flow rate
then another ml of deionized water was washed through 



the column. The water eluted samples were identified as mainly 47kDa
polypeptides as shown in Figure 6, fraction 1 in the chromatograph of GE
hydrolysate and sample 1 in SDS-PAGE gel B. The result indicates that the
47kDa polypeptide is either very hydrophobic or cationic. Example 6. Water
Binding Ability measured by Thermo Hydration Ratio [000104] The Thermo
Hydration Ratio (THR) test, a test to determine the hydration ratio for soy
protein in a 2% salt solution with heat. The THR values indicate the water
binding ability of soy protein in various applications, e.g. meat, yogurt,
pudding. In the THR test procedure, a 2% salt solution is prepared and 50
grams of this solution is combined with 2 grams of a soy protein product,
on a moisture free basis and mixed to obtain a dispersion. The dispersion
is centrifuged to separate solids from supernatant. The supernatant is
filtered through a 325 mesh stainless steel fabric to obtain a filtrate.
The filtrate is then weighed. The THR is determined with the below formula:
_ . ._, A+B-C . THR = - where D A is the weight of salt solution. B is the
sample weight of the soy protein product, adjusted to include moisture. If
the moisture content of a soy protein product is 4.22%, the moisture free
content is 95.78%. Then 2 grams of a soy protein product on a moisture free
basis weighs 2.09 grams when moisture is included (2A9578 = 2.09). C is the
weight of filtrate. D is a 2 gram weight of the soy protein product on a
moisture free basis.[000105] The THR test results of GE modified proteins
and control are shown in Figure 7. The GE hydrolyzed proteins have
significantly greater THR than the control. This indicates that GE modified
protein can hold more water in the presence of salt. This result implies
that the GE modified protein may have the potential in meat, yogurt and
pudding applications. Example 7. Rapid Visco Analyzer (RVA) analysis
[00106] The Rapid Visco Analyzer (RVA) is a heating and cooling viscometer
that can provide a viscosity method with precise control of temperature and
shear over controlled times. [00107] Soy protein concentrate and flours
contain mainly protein and fiber which are sensitive to the heat treatment.
The RVA viscosity profile corresponding to the heating process may reflect
the heat sensitivity of soy protein products. Thus 



comparing the RVA heating profiles between samples can be a useful tool to
predict their heat responses of soy protein products in some food
applications. [00108] The program is designed to record the viscosity of a
10% protein slurry during the heating course from 250C to 750C (hold for 5
minutes) then cooled to 25 0C. , [00109] As shown in Figure 8 , GE
hydrolysis changed the heat sensitivity of soy protein, the higher dose of
GE treatment the more significant change in viscosity. The result indicates
that the GE modified soy protein may thicken or gel at low temperature in
food applications such as cheese, yogurts, pudding, and so on. Example 8.
Bench Top Hydrolysis of Soy Protein Isolate Using GE Versus Hydrolysis of
the Acid Precipitated Soy Protein Obtained from Soy Flakes [00110] Large
numbers of potential cleavage sites in the extension region, shown in
Figure 9 makes this region susceptible to GE hydrolysis. When the protein
is in native state the extension region is hydrolyzed preferentially where
as in more denatured state hydrolysis takes place throughout the molecule.
[001 11] Soy protein isolate made using standard isolate procedure known in
the art, which involve protein extraction, isoelectric precipitation,
reslurrying theprotein, UHT pasteurization followed by spray drying was
used as a substrate. Soy protein isolate slurry with 10% solid content was
made by mixing 10 grams of soy protein isolate with 90 grams of water. The
pH was adjusted to 8.0 using 0.1 N NaOH, enzyme hydrolysis with GE was
carried out at 5O0C for 30 minutes enzyme concentration of 12, 24, and 48
mg of enzyme protein/ 1 kg of soy protein isolate on a dry matter basis
were used, hydrolysis was terminated by heating the slurry at 85C for 5
minutes. Samples were cooled and subjected to SDS-PAGE analysis, the
results are shown in Figure 1. [00112] The hydrolysis procedure disclosed
above was followed using an acid precipitated soy protein curd slurry as
the substrate. The slurry was obtained from a standard isolate procedure,
which involved protein extraction, isoelectric precipitation, reslurrying
of the protein, UHT pasteurization followed by spray drying. Slurry samples
were collected from the reslurrying step before UHT pasteurization. The
slurry was at 10% solid, the pH was adjusted to 8.0, using 0.1 N NaOH,
enzyme hydrolysis with GE was carried out at 500C. The hydrolysis was
carried out for 30, 60, and 120 minutes. Enzyme concentration of 24, 48,
and 96 mg of enzyme protein/ 1kg of soy protein isolate on a dry matter
basis were used. Hydrolysis was terminated by heating the slurry at 850C
for 5 minutes. Samples were cooled and subjected to SDS-PAGE analysis, the
results are shown in Figure 3. When Figure 1 is compared to Figure 3 it 



is evident that hydrolysis patterns differ greatly based on the state of
the substrate, i.e. denatured versus native. It can also be noted that in
native state, even at high enzyme concentrations and over extended period
of hydrolysis, 47 kDa fraction was relatively stable to hydrolysis, making
it possible to harvest this fraction with a robust manufacturing process.
Example 9. Preparation of 47kDa Enriched Fraction From Soy Bean Flour. [001
13] 500 lbs of defatted soy flour was mixed with 5000 lbs of water to make
a 10% solids slurry at 320C. The slurry was separated by centrifugation and
first supernatant and first precipitate were collected. The first
precipitate was re-slurried with 3000 lbs of water and the slurry separated
by centrifugation. The second precipitate was discarded and the second
supernatant collected and added to the first supernatantto form a combined
supernatant. The pH of the combined supernatant was adjusted to 4.53 with
HCI to form a curd. The curd was separated at 32 0C by centrifugation and
reslurried with water to 10% solid. [001 14] One-third of the curd slurry
was removed and pH adjusted to 7.2 using a NaOH/KOH blend to form a neutral
curd. The neutral curd was pasteurized by heating to 1570C for 9 seconds
and cooled to 6 10C. The cooled neutral curd was spray dried to obtain
control soy protein isolate. [001 15] Two-thirds of the curd slurry was
removed and pH adjusted to 8.0 using NaOH/KOH blend. The pH 8.0 curd slurry
was heated to 55 0C and dosed with GE. [001 16] The enzyme containing
slurry was held for 30 minutes with agitation to complete the enzyme
treatment. The enzyme treated slurry was then divided into two portions.
[001 17] The first enzyme treated portion was pH adjusted to 7.2 with
NaOH/KOH blend, heated to 161 0C, held for 9 seconds, cooled to 55 0C and
spray dried to form an enzyme treated soy protein isolate. [001 18] The
second enzyme treated portion was pH adjusted to 4.5 with HCI to form an
enzyme treated curd and then separated by centrifugation at 6O0C. The
enzyme treated curd was slurried in water to 10% solids content,
neutralized to pH 7.2 with NaOH/KOH blend, heated to 16O0C for 9 seconds,
cooled to 56 0C, and spray dried for form an enzyme treated soy protein
isolate. [00119] There were two enzyme treatments: the first received a
dose of 6 mg GE per kg of solids, and the second received a dose of 12 mg
GE enzyme protein per kg of solids. 



[00120] Figure 10 shows the SDS-PAGE of the hydrolysates generated in this
example. Example 10. Use of Novel Enzyme GE to Create Whiter Soy Protein
Hydrolysates [00121] Protein products produced in Example 9 were used to
make gels. To make the gels, samples were dispersed with water at 1:6
ratio, mixed and put in 6oz. cans and cooked in a boiling water bath for 30
minutes to form the gels. The pictures ofthese gels are shown in Figure 11.
It is evident from Figure 11 that the GE treated products yielded much
whiter gels. [00122] Whiteness index of slurries made from protein products
produced in Example 9 were measured at 5% concentration and is shown in
Table 4 . Table 4. Whiteness Index of GE treated sam les, Hunter
measurements [00123] The whiteness index for the protein product treated
with the higher GE concentration was 12.2 units higher than GE untreated
protein product Example 11. Sensory Analysis of the GE Hydrolysates [00124]
A proprietary sensory screening method, the Solae Qualitative Screening
(SQS) method, was used to assess the flavor characteristics of the GE
hydrolysates prepared in Example 9. This method is based upon a direct
comparison between a test sample and a control sample, and it provides both
qualitative and directional quantitative differences. A panel often
assessors was provided with aliquots of each sample (diluted to a 5%
slurry) and a control sample that was 5% slurry of untreated isolated soy
protein. [00125] The evaluation protocol comprised swirling a-cup three
times, while keeping the bottom of the cup on the table. After the sample
sat for 2 seconds, each taster sipped about 10 ml_ (2 tsp), swished it
about her/his mouth for 10 seconds, and then expectorated. The taster then
rated the differences between the test sample and the control sample
according to the scale presented in Table 5. Table 5. SQS Scorin S
stem[00126] If a test sample was rated as different from the reference
(i.e., had an SQS score of 2 , 3, or 4), then the test sample was further
evaluated to provide diagnostic information on how the test sample differed
from the control sample. Thus, if the test sample had slightly more,
moderately more, or extremely more of an attribute (see Table 5) than the
control sample, then scores of + 1, +2, +3, respectively, were assigned.
Likewise, if the test sample had slightly less, moderately less, or
extremely less of the attribute than the control sample, then scores of -
1, -2, -3, respectively, were assigned. This analysis provided an
assessment of the directional quantitative differences between the test
sample and the control sample. 



[00127] The diagnostic scores (differences from the reference) for each GE
hydrolysates are presented in Figure 12. The GE hydrolysates had slightly
less grain, and soy/legume flavor characteristics relative to the control
(untreated isolated soy protein). Example 12: Whiteness Index of Bench Top
Hydrolysis Of Soy Protein Isolate Using GE versus SP Enzyme. [00128] a) GE
hydrolysis: Samples were generated as described in Example 8 [00129] b) SP
hydrolysis: Same protocol described in Example 8 was followed for SP
hydrolysis, except the enzyme dose of SP. Enzyme dose used for SP was 3.3
mg enzyme/1 kg of isolate and 6.6 mg enzyme/1 kg of isolate. Hydrolysis
wasterminated by heating the slurry at 850C for 5 minutes. Samples were
cooled and analyzed. [00130] Whiteness index for the hydrolysate slurry was
measured for samples prepared with both GE and SP enzyme and they are shown
in Figure 13. % DH for each hydrolysate were obtained by using S-TNBS
methodology. [00131] While the whiteness index for commodity hydrolyzed
samples increased with %DH when hydrolyzed with GE, SP led hydrolysis in
the same %DH range had no effect on the whiteness index. Example 13; Bench
top hydrolysis of acid curd prepared in pilot plant using smaller doses of
GE and SP enzyme. [00132] Commodity acid curd made in the pilot plant as
described in Example 9 was used. Solid content of the curd was1 0%, the pH
was adjusted to 8.0 and the sample was aliquoted in several 20Og batches.
Enzyme hydrolysis with GE was carried out at 5O0C for 30 minutes at 0, 1,
2, 3, 4 , 5, and 6 mg GE/kg solids of the curd on dry matter basis, using
curd batch size of 200 g. Enzyme hydrolysis with SP was carried out at 5O0C
for 30 minutes at 0, 0.5, 1, 2 and 3.36 mg SP/kg solids of the curd on dry
matter basis, using curd batch size of 20Og. Hydrolysis was terminated by
heating the slurry at 850C for 5 minutes. Samples were cooled and tested
for whiteness index. Though the dosages of enzyme used was really small, a
dose dependent increase was seen in whiteness index in GE treated samples,
such effect was not seen for SP treated samples (Figure 4). Example 14.
Hydrolysis of Soy Protein with GE [00133] Hydrolysis Reactions. The
starting material was 10% soy protein isolate (e.g., SUPRO(r) 500E)
suspended in 0.1 M sodium phosphate, pH 8.5. The pH of 



the protein slurry was adjusted to 8.0 with HCI. The protein slurry was
heated to about 7O0C and the mixture was hydrolyzed with serine protease
(GE) from Bacillus licheniformis. GE was used at a concentration of 19.5
mg, 39.0 mg, 78.1 mg, 156.3 mg, or 312.5 mg of protease enzyme protein per
kg of soy protein isolate. The hydrolysis reaction was allowed to proceed
at 7O0C for 120 minutes. The reaction was stoppedwith the addition of 1 M
sodium formate, pH 3.7, such that the pH of the mixture was about 4.0 and
the final concentration of soy protein in the hydrolysate was 5%. Example
15. Identification of Peptides in GE Hydrolysates [00134] Peptide fragments
in the GE hydrolysates prepared in Example 14 were identified by liquid
chromatography mass spectrometry (LC-MS). Table 6 presents peptide
fragments derived from glycinin subunit G2 and chain A of proglycinin.
Table 6.Experimental Example 1. Acid Beverage Containing Soy Protein
Hydrolysates. [00135] An acid beverage according to the present invention
is prepared. 130.0 parts soy protein ingredient and 8,539 parts deionized
water are added to a vessel. The contents are mixed under high shear until
evenly dispersed. The dispersion is then heated to between about 740C to
about 79C (about 1650F to about 175 0F) and mixed for an additional 10
minutes. Then added with mixing are 1,180 parts high fructose corn syrup,
131 parts apple juice concentrate (68 Brix) and 20.0 parts anhydrous citric
acid. The pH is adjusted to 3.8-4.0 with 85% citric acid. The contents are
homogenized at 2500 pounds per square inch in the first stage and at 500
pounds per square inch in the second stage followed by pasteurization at
1070C for 7 seconds. Bottles are hot filled with the beverage and then
placed in an ice bath to bring the temperature of the beverage to about
room temperature and placed in the refrigerator. Experimental Example 2. A
Dry Blend Containing the Soy Protein Hydrolysates. [00136] The following
Experimental Example illustrates the preparation of the dry blend
containing the protein of this invention with components listed in Table 7
below. Table 7 Ingredients are added to a vessel and mixed to form a dry
blend.Experimental Example 3 - A beverage containing the dry blend as
prepared in Experimental Example 2 [00137] A ready to drink beverage is
prepared by adding a dry blend as prepared in Experimental Example 2 to a
liquid. Order of addition of is of no importance. [00138] Within the ready
to drink beverage, the liquid is present at from 



about 85% up to about 95% by weight of the total composition, and the pH of
the ready to drink beverage is from about 6.8 up to about 7.4. [00139]
Experimental Example 3 is the inventive ready to drink beverage prepared by
adding 29.71 grams of the product of Experimental Example 2 to 240 ml of
skim milk. The contents are blended for 30 seconds. Experimental Example 4
- A beverage containing the dry blend as prepared in Experimental Example 2
[00140] A ready to drink beverage is prepared by adding a dry blend as
prepared in Experimental Example 2 to a liquid. Order of addition of is of
no importance. [00141] Within the ready to drink beverage, the liquid is
present at from about 85% up to about 95% by weight of the total
composition, and the pH of the ready to drink beverage is from about 6.8 up
to about 7.4. [00142] Experimental Example 4 is the inventive ready to
drink beverage prepared by adding 29.71 grams of the product of
Experimental Example 2 to 240 ml of water. The contents are blended for 30
seconds. Experimental Example 5 Unflavored Low Fat Sovmilk Containing the
Sov Protein Hvdrolvsates Serving size: 8.5g protein/250g. Table 8 Formula
for Unflavored Low Fat Soymilk* Percentage of soy protein hydrolysate used
in formula was adjusted depending on protein content as is [00143] Disperse
citrate in 600C (14O0F) water. Increase mixing speed and disperse protein
into water. After protein is thoroughly dispersed increase slurry
temperature to 75C (1670F), reduce mixing speed and continue mixing 10
minutes. Preblend maltodextrin, sugar and carrageenan, add to protein
slurry and continue mixing at low speed for 5min. Add sunflower oil to
slurry and continue mixing at slow speed until homogenous for approximately
3 minutes. Adjust slurry pH using 45% potassium hydroxide to between 7.0
and 7.2. Process as follows: homogenization, pasteurization and cooling.
Heat product to 720C (162 0F) and homogenize at 750psi, second stage; 2250
psi, first stage. Pre-heat slurry to 100C (212F) and UHT at 141 0C (286 0F)
for 6 seconds. Cool product to 3 10C (880F) and package in sterilized
bottles. Store refrigerated. Experimental Example 6 Unflavored Beverage
Containing 50% Soy Protein Hydrolvsates and 50% Skim Milk. 



Serving size: 8g protein/260g Table 9 Unflavored Bevera e formula*
Percentage of soy protein hydrolysates used in formula was adjusted
depending on protein content as is [00144] Disperse citrate in all
deionized water at 15C (59F) using moderate speed mixing. Disperse SUPRO
(r) Plus in water. After all lumps are dispersed heat slurry to 77C (17O0F)
and continue mixing at slow speed for 10 minutes. Dry blend maltodextrin,
sugar, vit/min premix, magnesium phosphate, cellulose and carrageenan. Add
dry blend to protein slurry and continue mixing 5 minutes. Add sunflower
oil and continue mixing 3 minutes. Measure slurry pH and adjust pH if
necessary to pH 6.9 to 7.1 using either 50% citric acid solution or 1N
NaOH. Heat skim milk slowly to 72C (162 0F) and add protein slurry to
heated skim milk. Add flavoring agents and mix until completely
incorporated into slurry. Blend for 3 minutes with slow mixing and record
final slurry pH. Process as follows: Heat product to 720C (162 0F) and
homogenize at 750 psi, second stage, 2250 psi, first stage. Pre-heat slurry
to 1040C (220F) and UHT at 141 0C (286 0F) for 6 seconds. Cool product to 3
10C (880F) and package. Store refrigerated. Experimental Example 7 Vanilla
Flavored Weight Management Beverage Containing Calcium Caseinate, Non-Fat
Dry Milk (NFDM) and Sov Protein Hvdrolvsates as the Protein Sources Serving
size: 10g protein/1 1 ozTable 10 Vanilla Flavored Formula [00145] Prepare a
pre-blend as follows: The carrageenan and cellulose with a small portion of
the formula sucrose. The gum arabic and remaining sucrose. Mix canola oil.
[00146] Then blend: Add the potassium and sodium citrate to water using
high shear mixing. Then disperse the preblended carrageenan and cellulose.
Mix for 5 minutes. Disperse the soy protein, calcium caseinate and NFDM and
begin heating to 65C (1500F). Hydrate for 15 minutes, reduce mixing speed
after reaching 65C ( 15O0F). Heat canola oil/ emulsifier blend to about
7O0C (1580F) to dissolve emulsifiers, this may require some mixing. Then
add hot oil mix to batch tank, blend 5 minutes, foam will disperse. Add
sucrose/gum arabic blend, calcium carbonate, magnesiumphosphate, magnesium
carbonate and vitamin premix, mix for 10 minutes. Add vanilla flavor and
adjust pH with 45% KOH to 7.0 - 7.2. UHT 286F/6sec, 2500/500 psi
Experimental Example 8 Dry Blended Beverage Performance Beverage Model
Containing Soy Protein Hvdrolysates. Table 11 Performance Bevera e Formula 



[00147] Clean and sanitize mixer. Sieve soy protein and cocoa powder. Mix
all ingredients for 15 minutes at medium speed. Store dry powder in
sanitized containers. Experimental Example 9 Extrudates Containing Sov
Protein Hvdrolvsates. [00148] The process starts with the formulation; the
blend of ingredients to obtain certain level of protein; example: 10% - 90%
protein dry basis. To achieve the r proper % of protein, the protein can be
a combination of different sources for protein \ such as: ISP, soy protein
concentrate, soy flour, other vegetable protein, dairy proteins, etc. The
soy protein hydrolysates of the current invention are also used as part of
the protein component. For the other portion in the formulation to meet
100%, the other components can include moisture, ash, fat, carbohydrates
and other ingredients knownto those skilled in the art. Multiple sources
for these ingredients can be used, such as starches, cereal grains flours
or derivatives from cereal grains, fibers, gums, syrups, fat, salts,
sugars, flavors, etc. [00149] After defining the composition of the final
product, usually dry blending is used to homogenize the dry ingredients,
which are sent to the feeding extrusion hopper. The formulation is then fed
into a preconditioner, if used, or directly into the extruder. Water and/or
steam are injected into preconditioner to pre-hydrate and/or preheat the
blend. Water will be injected into preconditioner at about 0 % - 30 % based
in dry feed and steam from 0 % - 15 %. Rate of materials (dry, liquid and
steam) from preconditioner can be from 0.2 - 150 (Lb/ Min) or greater
depending on the extruder's barrel diameter and screw channel open area,
the diameter of the barrel and the openness of the screw deal with feed
rate. [001 50] The ability of the extruder to appropriately "cook" the dry
or preconditioned feed will depend on the L/D, length to diameter ratio.
Typically for high protein products, greater than 20% total protein dry
basis, an extruder with an L/D greater than 15:1 is used. Ingredients are
fed into the extruder running at typical screw speed of 200 rpm - 1000 rpm.
Additional water, steam, syrups and/or other ingredients are incorporated
into the extruder barrel; typical ranges (0% - 40%) to achieve the proper
product characteristics in the different areas of extrusion application:
Direct expansion "breakfast cereals, nuggets, snacks, etc.". Texturized
products. Texturized vegetable protein (TVP), etc". High moisture extrusion
greater than 50% moisture "Meat type texture, pasta, 



etc." [00151] These ingredients may be incorporated into the extruder in
different points of the barrel and they are sheared by a predesigned screw
configuration to achieve the proper final product attributes. A die is used
at the end of the extruder to create back pressure and extrusion filling to
create the proper cooking, extrudate temperature and pressure to obtain the
right expansion when the material exits the die. The die must be symmetric
for best results and can have any geometry or shape available.[00152] The
Extruder produces a continuous rope which can be reduced to small pieces
using secondary devices such as face cutting, external cutting, and other
devices. A face cutter is used for low moisture direct expansion products
such as cereals, snacks, nuggets, etc. Also face cutting is used for pasta
or tridimensional snacks "pellets". [00153] An external cutter is used for
snacks "squares, waves, straight sticks, etc", high moisture extrusion,
etc. Other devices can be combination of cutter devices and particle size
reducers such as "Fitz mills, roller mills, commitrols, etc. "TVP, TC, etc"
[00154] After product is reduced to the proper particle size; it is dried
to the proper specifications; typically from 2% - 10% to be shelf stable at
normal warehouse conditions; and greater than 12% should be frost or
refrigerated. [00155] One additional typical attribute to consider is:
Density: (0.12 - 0.35 g/cc). [00156] The product is packaged after drying
and sifting steps.CLAIMS What is claimed is: 1. A soy protein hydrolysate
composition, the composition comprising a mixture of polypeptides enriched
in a 47 kDa fragment, wherein between about 10% and about 66% of the
polypeptides by weight are the 47 kDa fragment. 2. The composition of claim
1, wherein the composition comprises at least one oligopeptide selected
from the group consisting of SEQ ID NO:2, SEQ ID , NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8. 3 . A protein fraction
comprising an enriched hydrophobic b-conglycinin core region. 4 . A food
product comprising the soy protein hydrolysate composition of claim 1. 5 .
The food product of claim 4 selected from the group consisting of cheese, 



emulsified meats, whipped food products, food bars, surimi products,
extruded food products, beverages, whole muscle food products, yogurt,
puddings and combinations thereof. 6 . A process for making a protein
fraction comprising: a . preparing a soy protein slurry using soy flour or
soy concentrate derived from the isoelectric precipitation at pH 4.5, and
b. hydrolyzing the soy protein slurry with an enzyme that cleaves proteins
at the C-terminus of glutamic acid and aspartic acid to obtain a protein
fraction. 7 . A process to produce a hydrophobic b-conglycinin core region
enriched protein product wherein the hydrophilic-extension region of the a'
and q subunits of b-conglycinin are selectively hydrolyzed from
b-conglycinin by hydrolyzing the b-conglycinin with an enzyme that cleaves
proteins at the Cterminus of glutamic acid and aspartic acid to yield a
hydrophobic b- conglyciriin core region enriched. protein product. 8 . The
process of claim 7 wherein the enzyme is a protease. 9. The process of
claim 8 wherein the enzyme is a serine protease.10. The process of claim 9
wherein the enzyme is serine protease from Bacillus lichenformis. 11. A
process for preparing a protein hydrolysate composition, the process
comprising; a. contacting a protein material with an endopeptjdase that
cleaves the protein material into mixture of polypeptides enriched in a 47
kDa fragment, the mixture of polypeptides comprising the protein
hydrolysate composition, wherein between about 10% and about 66% of the
polypeptides by weight are the 47 kDa fragment. 12 . The process of claim
11, wherein the endopeptidase is a serine protease. 13. The process of
claim 12, wherein the serine protease is from Bacillus lichenformis. 14. A
food product, the food product comprising a protein hydrolysate composition
including a mixture of polypeptides enriched in a 47 kDa fragment, wherein
between about 10% and about 66% of the polypeptides by weight are the 47
kDa fragment. 15. The food product of claim 14, wherein the food product is
selected from the group consisting of cheese, surimi products, emulsified
meats, whipped food 



products, food bars, extruded food products, beverages, whole muscle food
products, yogurt, puddings and combinations thereof. 


