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PROTEIN HYDROLYSATE COMPOSITIONS HAVING ENHANCED CCK 
RELEASING ABILITY 

CROSS REFERENCE TO RELATED APPLICATION 
[0001] This application claims the priority of US provisional application number 

61/141,931 filed December 31, 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 INVENTION 

[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 protein­

rich 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. 

1 



WO 2010/078461 PCT/US2009/069867 

[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-13-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 to 

2 



WO 2010/078461 PCT/US2009/069867 

greater 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 
[001 O] 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 

[0011] 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 = (no CCK sample well - ng CCK.._BSA_c_911trq_Lli,Y~Jlt x 100 

(ng CCK PMAwe11- ng CCK BSAcontrolwell) 

3 



WO 2010/078461 PCT/US2009/069867 

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 SOS polyacrylamide 

gel containing fractions from the tangential flow filtration of a potent CCK-releasing 

hydrolysate (SUPRO® 950/FXP950). This hydrolysate is generated by digestion with 

ALCALASE® from Novozymes((Bagsvaerd, Denmark) to a% degree of hydrolysis of 

approximately 9.6%. Lanes A, B, C, and D represent 10 µL samples of 1 % (w/v) slurries 

of the unfractionated sample, the greater than100 kDa fraction, the 10-100 kDa fraction, 

and the less than 10 kDa fraction, respectively. Lanes E and F represent 10 µL 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 pepsin­

pancreatin digested preparations of the 10 -100 kDa fraction of SUPR0®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 48 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 40 shows stimulation of CCK release for 

soy protein hydrolysates treated with ALCALASE® 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 shows 

4 



WO 2010/078461 PCT/US2009/069867 

stimulation of CCK release for soy protein hydrolysates treated with TL 1. 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. 

14): 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 3TC 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 (110°C 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 protein 
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samples 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 = (ng CCK .~~yy_ajj - ng CCK BSA control we1'1.. x 100 

(ng CCK PMAwe11- ng CCK BSAcontrolwell) 

[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. 

(/)Process for Preparing a Protein Hydro/ysate 

[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 modified 
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carbohydrates, 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, 11 S, 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® 500E, SUPRO® 620, SUPRO® 760, 

SUPRO® 670, SUPRO® 710, SUPRO® EX 33, SUPRO® 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® DSP-C, Procon™, ALPHA® 12 and ALPHA® 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 defatted 
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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. 

[0024] In another alternate embodiment, the soy protein material may be soy 

storage protein that has been separated into major fractions (15S, 11 S, 7S, and 2S) on 

the basis of sedimentation in a centrifuge. In general, the 11 S 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 protein 
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material 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. 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, 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 selected 
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from 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 21 % to about 40% protein (as is) by weight. 

The water may include food grade dispersants such as ethanol, glycerol, and the like. 
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[0030) After the protein material is dispersed in water, the slurry of protein material 

may be heated from about 70°C to about 90°C 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 adjust~d 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 25°C to about 80°C 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 25°C to about 80°C. 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® from Novozymes 

(Bagsvaerd, Denmark). In yet another embodiment, the endopeptidase may be serine 

protease also called glutamyl endopeptidase (termed "GE") from Bacillus licheniformis 
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(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). In still another embodiment, the endopeptidase may be trypsin-like 

protease (termed "TL 1 ") 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® 2") In still other embodiments, 

the endopeptidase may be a trypsin-like protease from Fusarium so/ani 

(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., 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. 

[0034] Non-limiting examples of exopeptidases suitable for use in the process of 

the invention include carboxypeptidase D from Aspergil/us oryzae (UNIPROT:Q2TZ11), 

carboxypeptidase Y from Aspergil/us oryzae (UNIPROT:Q2TYA1), aminopeptidase from 

Aspergil/us oryzae (International Application No. WO 96/28542, which is incorporated by 

reference in its entirety), and aminopeptidase from Bacillus /icheniformis 

(UNIPROT:Q65DH7). 
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[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 90°C will substantially heat-inactivate 

most enzymes. Other methods of inactivation include cooling below 10°C 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 

Barley ! Serine protease 

13 



WO 2010/078461 PCT/US2009/069867 

Table A. Preferred Combinations. 
,........------------.------~·-----------------------------------~ 

c------B_a_r_le_,,_,_v _________________________________________________ __§_~--.----. - .. -. _______ _ 

"'"""'"'' _________ , __ ._,m ____ §.~L~~~----- ~.EJ ... •--·-·-------------------m--
-.~-, -.-.. ---~arl~Y~ ................................ ---------------------.--A_S_P_-_1 ____ _, 

Canela Serine protease 
·-·ciii"no"ia"""''"·----------------- ALCALASE~" 

~--.-'''''''~' ...... .....,..,.,._ ... _...,.,._, .................. ... 

Canela GE 
---------------------------------·--~--

Canela TL 1 
~-----------------ca·r:1c;Ta ___________________________ ,....,. _________ ·-----. LE --------------------
~ -- ---- -~-~- ------~-------------''''''''''''''''''''''''""''~''' -----------·carlola Bromelain 
-~----------------------------------------------~---~~~--~-

Canela Alcalase% 2 
--------------------------------------·-~-------+-----------------< 

Canela S2 

Lupin GE 

Oat GE 
Oat . TL 1 -------------------------------------·oa1-------------------------------------r--------------------------------------------[E:: ________________ ~--------.--.-

·>----.-------~----------,----.,.............--~--. -· __ .....,...... ____ ...... ______________________________ _ 

Oat ! Bromelain mmmm-m--mmmmmmmm . .. '@ 
Oat Alea lase R:· 2 
Oat i S2 ___________________ m ____________ c5at--------------------------------------r---------------m-----------------------i\ifF>"f _______________________ _ 

-------------------------------------081------------~----------i~--·------- As P ~1-------. · · --.----
·----~----~----------.... -----.. +'---------~--.... ----.. ----.. :.-.. ___ ............. ____________ ~-----------------------------~-----

Pea ! Serine protease 
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Table A. Preferred Combinations. 
Pea AL CA LASE~ ------------------------------------------------------------------- --------------------------------------~-----........j 
P~ GE 

-----~----- --. ---------------~---
Pea TL1 ,_.__ _____ ,,~~,,,,,_,~~ ..... ~~~ ... --. ... ~,~~~ ... ·-----------. 
Pea LE 
Pea Bromelain 
Pea Alcalase'>i' 2 -----------------------Pea·-------------------- -----------------------------------·-s2--------------------------------1 

------. ---..,...,..,...,.,......----,-----,--------.....,---. -, -- ---.. ----t 

Pea MP1 ! --------------------------------------------------------------------- ----------------------------------------------------------------------------------------------1 
Pea ASP-1 ! 

Potato Serine protease 

Rice ! Alcalase'll' 2 
......................................................................................... , ..................................................................... " ..... .......,.__....,,,,. .. .. 

-·-·-·--------13iq_~--------.-.---.-.-.-.----------.-------~----------------------------------§1 ______________________________________ _ 
Rice ! MP1 

--~-------------------------·R"1c;e;----·--------------------------r·------. -----------7\§P-:1----'---. ----~ 
~~ .................. ~ ..................................................................................... ~ .......... - ............ .. 

Wheat Serine protease Wheat ALCALASE® ________________________ __ 
.......................................................................... ,.. ................... ...,. 

1 Wheat GE 
C=~=~=---=------Wb.~~L_______ -------------1----·-·--·--------~--------·--Irr-
1 Wheat LE 

...... "''' '""''''"'''''''''''''''°'''''"'''''''''''"'''"'''"''""'''''''''''''''' __ ...... ~ ........ ~----~-

Wheat Brome lain 
, Wheat Alcalase~' 2 
[=--------------~=~~~~}Nb~~I _____________________ L ______________________ ~----'-§~-------i 
[ _________________________________ YY_b_§_~_t _______________________ ~ ---.----. -. _____ !'11~1--------------i 

Wheat ASP-1 
~ .... ~ .. ~ .... ,,,,,~,~,,,,,,,,,,,,.,,,,,,,,,,, ........ ,.~,~~-~~~~-~·-~~-

Eaa Serine protease 
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Dairy Alcalase'l!l 2 I 

.............................. ~"-~ ...... _ ... " ______ " __ l:~E! .. l~ .. §! .. L"~ .. " .. ""'" ...... " .. ~"""............ ........... GE ~ 
______ Animal -------·~·· .~. ----~-1 j 

Animal LE ! 
I 

nnmmn-nn••m••••••••••••••••••••••m••n•••n••• ••••••-'•••••'-•••••••••••'-••••••••-'••·-•---•••••--'"---·--••••----··--' 
. Animal Bromelain ! 
~-mnn•--------·----~~:~~l-m , Alca~~e® 2 l 

F~~~=E=--~:~=-~I---==J 
! Soy and Barley ! Serine protea,,~e J 
~--n--m--nnn_§gy and Barley . ALCALASE~· i 

~ .. . So~nd Bar.le~-"-"'"""i"n'"""""""""""'"""""'""'Q.§____ l L ___ __§_~ a DA.~_9 rley_·-·. ----~ ... j_ ___ m ___________________ n __ .I_~J-nnnnnnnnnnnnnnnnnnnnnj 
! Sg_yn§!_Q_Qn~§E!~.Y.. ...................... i ··----- LE ~ 

Soy and Barley Bromelain ! »»nnn•nnnn•»•nrirn•---••n--••"••••••••'-••••••••••••t 
-----------------m.§gv and Barley Alea lase · 2 i 
~-~~-21 .. ~E!dJ~l§!f.~~ynnnnnnnnnnn• ""mn ______ S_2 _____ _, 
•mm••-'••••••••••••§.2Y .. ~~9_Barley_· ---.. ----... --------------· M~J _________________ """""-""""'J 

Soy and BaE!~Ynmnmm ..... m .. m---------···--···--············-t-.§P:1-.. ---. _ __j 

Soy and Canola nnnnnnnnn_§~_[!!J~ .. l?.EQ.!~a~~--------t 
.................... m~m~ and Canola ALCALASEQ ! 
,____,___ __ .. _§_~l.-~J:!d CanQ.~§ ___ m _______ ""' """"""""'m __________ G_E _____ -i 

nnunnnn••nnn§gy__§!}Q_Q,~n.ola_. --·-·--------------_ J_~--------------------------J 
Soy and Canola LE ! 

nnn _______ __§_Qy and Canola nn»»nn»nn•m»unnuEfromeiaTn -~1 

__________ m ________ §_Q_}i'.n§~_q __ g_§!J-2!§_____ Alcalase@ 2 ! 
_____ _§.QY __ and can 0 I a_ . -- - -__ m _______________ n ______ n ____ §_~nnnnnn•nUnnnnn••-•nn•n•.J 
~~-S_qy __ §.Q~ ___ g_§_Q_QJ.§ ...................... ____________ MP 1 .. --~.. __ ] 

16 



WO 2010/078461 PCT/US2009/069867 

Soy and Oat S2 
["" ... __ _. ....... " _______ §2.Y .... ,§D.s! __ Q_~_L __________________________________________________ _M!:_[=~=----~==~-------~--------
~-----.. ~Soy and_ Oat . . ________ __A~.E.:L.m .. mmmm-mmm __ m_m_ 
1---------···-··········----~-~~--~-~~--~~~-------------------------+----m----- s~~~~~~e~;e 
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Table A. Preferred Combinations. 

Soy and Rice MP1 

-----------------------1 
~--~-------§gy ___ §!:l_9 ___ ggI1_ LE 
_____________ Soy and §lg . . . ----+---------------------------------~!QE!:i.~J-~D. I 

!:- --+---~~--==--! 
F

·--········--m--------§2Y __ §n_£__£gg i ASP-1 ! 
------. S~_C!l]_d Dairy __________________ j_____________ Serine protea;e ! 

·------------~Q.Y .. 9.!19. ___ Q~_ . [ _______ ALCALA. sg __ ~~-------------------------J 

l _________ m-------~~;; =~~ g::& --t--m·------------------------------------·fc1-------------. --J 
L_~ ______ §gy __ §_~9 ___ g_§rty__________ J LE i 
L_ _________________ §QY. and Da _try . . .. _J _______________________________ §_!Q.~-~J-~D ! 
I So;r and D~J!:t ____ mnmmnm _ _l______ Alcalase~,· ~-------~--j 
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Table A. Preferred Combinations. 

(II) Protein Hydrolysate 

[0038] The protein hydrolysate composition generally enhances CCK release and 

thereby, promotes satiety when consumed. As illustrated in the examples, a 

concentration of at least about 0.5 mg/ml of the soy protein hydrolysate composition 

stimulates CCK releasing activity. The CCK stimulating effect of optimal hydrolysates 

added at between 0.5 and 8 mg/ml of protein is similar to greater than 50% of CCK 

released by STC-1 cells stimulated with 100 nM of PMA for 4 hours. 

[0039] In one embodiment, the soluble fraction of a protein hydrolysate 

composition may stimulate CCK releasing activity from about 50% to about 100% of 

CCK released by STC-1 cells stimulated with 100 nM of PMA for 4 hours. In another 

embodiment, the soluble fraction of a protein hydrolysate composition may stimulate 

CCK releasing activity from about 100% to about 200% of CCK released by STC-1 cells 

stimulated with 100 nM of PMA for 4 hours. In a further embodiment, the soluble fraction 

of a protein hydrolysate composition may stimulate CCK releasing activity from about 

200% to about 300% of CCK released by STC-1 cells stimulated with 100 nM of PMA for 

4 hours. In yet another embodiment, the soluble fraction of a protein hydrolysate 

composition may stimulate CCK releasing activity from about 300% to about 500% of 

CCK released by STC-1 cells stimulated with 100 nM of PMA for 4 hours. In yet another 

embodiment, the soluble fraction of a protein hydrolysate composition may stimulate 
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CCK releasing activity from about 500% to about 1000% of CCK released by STC-1 cells 

stimulated with 1 OOnM PMA for 4 hours. 

[0040] The degree of hydrolysis of the protein hydrolysate composition can and 

will vary depending upon the source of the protein material, the protease(s) used, and 

the conditions of the hydrolysis reaction. The degree of hydrolysis (DH) refers to the 

percentage of peptide bonds cleaved versus the starting number of peptide bonds. For 

example, if a starting protein containing five hundred peptide bonds is hydrolyzed until 

fifty of the peptide bonds are cleaved, then the DH of the resulting hydrolysate is 10%. 

The degree of hydrolysis may be determined using the trinitrobenzene sulfonic (TNBS), 

the colorimetric method or the ortho-phthaldialdehye (OPA) method, which are known to 

those skilled in the art. The higher the degree of hydrolysis the greater the extent of 

protein hydrolysis. Typically, as the protein is further hydrolyzed (i.e., the higher the DH), 

the molecular weight of the peptide fragments decreases, the peptide profile changes 

accordingly. The DH may be measured in the entire hydrolysate (i.e., whole fraction) or 

the DH may be measured in the soluble fraction of the hydrolysate (i.e., the supernatant 

fraction after centrifugation of the hydrolysate at about 500 to about 1000 x g for about 5 

to about 10 minutes). 

[0041] Typically, each of the protein hydrolysate compositions of the invention will 

have a degree of hydrolysis that ranges from about 0.05% to about 35%. In one 

embodiment, the degree of hydrolysis of the protein hydrolysate composition may range 

from about 0.05% to about 1 %. In another embodiment, the degree of hydrolysis of the 

protein hydrolysate composition may range from about 1 % to about 10%. In a further 

embodiment, the degree of hydrolysis of the protein hydrolysate composition may range 

from about 10% to about 20%. In still another embodiment, the degree of hydrolysis of 

the protein hydrolysate composition may range from about 2% to about 35%. In one 

embodiment, the degree of hydrolysis of the protein hydrolysate composition may range 

from about 0.2% to about 15%. In another embodiment, the degree of hydrolysis of the 

protein hydrolysate composition may range from about 0.2% to about 3%. 

[0042] In general, the protein hydrolysate compositions, compared with the protein 

starting material, will comprise a mixture of polypeptide fragments of varying lengths and 

molecular weights. The molecular weight of the peptide fragments may range from 75 
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Daltons (i.e., fre~ glycine) to greater than 100,000 Daltons, as measured by size 

exclusion chromatography. In general, the polypeptide fragments of the protein 

hydrolysate composition will have an average size of less than about 100,000 Daltons. 

In one embodiment, the average size of the polypeptide fragments of the protein 

hydrolysate composition may be from about 50,000 to about 100,000 Daltons. In 

another embodiment, the average size of the polypeptide fragments of the protein 

hydrolysate composition may be less than about 50,000 Daltons. In a further 

embodiment, the average size of the polypeptide fragments of the protein hydrolysate 

composition may be less than about 10,000 Daltons. In still another embodiment, the 

average size of the polypeptide fragments of the protein hydrolysate composition may be 

less than about 4,000 Daltons. In yet another embodiment, the average size of the 

polypeptide fragments of the protein hydrolysate composition may be less than about 

2,000 Daltons. 

(Ill) Food Products Comprising A Protein Hydrolysate 

[0043] A further aspect of the present invention is a food product comprising an 

edible material and a protein hydrolysate composition described herein. 

[0044] The selection of a particular protein hydrolysate composition to combine 

with an edible material can and will vary depending upon the desired food product. In 

some embodiments, the protein hydrolysate composition may be derived from soy 

protein. In other embodiments, the protein hydrolysate composition may be derived from 

barley, canola, lupin, maize, oat, pea, potato, rice, wheat, animal, egg, or combinations 

thereof. In alternate embodiments, the protein hydrolysate composition may comprise a 

combination of different protein hydrolysates. For example, a soy protein hydrolysate 

composition may be combined with a maize protein hydrolysate combination. 

Alternatively, a soy protein hydrolysate composition may be combined with a canola 

protein hydrolysate composition and a wheat protein hydrolysate composition. 

[0045] In still other embodiments, the protein hydrolysate composition may be 

derived from a combination of soy and at least one other protein source selected from 

the group consisting of barley, canola, lupin, maize, oat, pea, potato, rice, wheat, animal, 

dairy, and egg. 
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[0046) In further embodiments, the protein hydrolysate composition may further 

comprise at least one nonhydrolyzed protein selected from the group consisting of 

barley, canola, lupin, maize, oat, pea, potato, rice, wheat, animal, dairy, and egg. Non­

limiting examples of suitable nonhydrolyzed proteins include dry milk powder, non-fat dry 

milk powder, milk proteins, acid casein, caseinate (e.g., sodium caseinate, calcium 

caseinate, etc.), whey protein concentrate, whey protein isolate, and soy protein isolate. 

[0047] In some embodiments, the protein hydrolysate composition included in the 

food product may comprise "pre-peptides" that are converted into "active" peptides via 

proteolytic digestion in the stomach and/or intestine of the subject. In other 

embodiments, the protein hydrolysate composition comprises "active" peptides that 

require no additional proteolytic digestion in the stomach or intestines of the subject. 

[0048) The selection of the appropriate edible material also will vary depending on 

the desired food product. The edible material may be a plant-derived material (e.g., a 

vegetable juice, a cereal product, etc,), an animal-derived material (e.g., a dairy product, 

an egg product, etc.), or a biomaterial (i.e., a protein, a carbohydrate, a lipid, etc.) 

isolated from a plant-derived material or an animal-derived material, and so forth. 

[0049) In an embodiment, the food product may be a liquid beverage. Non-limiting 

examples of liquid beverages include fruit juices, fruit drinks, fruit-flavored drinks, 

vegetable drinks, nutritional drinks, energy drinks, sports drinks, soy milk drinks, flavored 

soy drinks, rice milk-based drinks, flavored milk drinks, yogurt-based drinks, infant 

formula, tea-based beverages, coffee-based beverages, meal replacement drinks, 

protein shakes, nutritional supplement beverages, weight management beverages, and 

combinations thereof. 

[0050) The edible material comprising the beverage food product can and will 

vary. Non-limiting examples of suitable edible materials include fruit juices, vegetable 

juices, skim milk, reduced fat milk, 2% milk, whole milk, cream, evaporated milk, yogurt, 

buttermilk, chocolate, cocoa powder, coffee, tea, and so forth. 

[0051) The beverage food product may further comprise sweetening agents (such 

as glucose, sucrose, fructose, maltodextrin, sucralose, corn syrup, honey, maple syrup, 

etc.), flavoring agents (e.g., chocolate, cocoa, chocolate flavor, vanilla extract, vanilla 

flavor, fruit flavors, etc), emulsifying or thickening agents (e.g., lecithin, carrageenan, 
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cellulose gum, cellulose gel, starch, gum arabic, xanthan gum, and the like); stabilizing 

agents, lipid materials (e.g., canola oil, sunflower oil, high oleic sunflower oil, fat powder, 

etc.), preservatives (e.g., potassium sorbate, sorbic acid, and so forth), antioxidants 

(e.g., ascorbic acid, sodium ascorbate, etc.), coloring agents, vitamins, minerals, and 

combinations thereof. 

[0052] In another embodiment, the food product may be a food bar, such as a 

granola bar, a cereal bar, a nutrition bar, or an energy bar. In still another embodiment, 

the food product may be a cereal-based product. Non-limiting examples of cereal-based 

food products include breakfast cereals, pasta, breads, baked products (i.e., cakes, pies, 

rolls, cookies, crackers), and snack products (e.g., chips, pretzels, etc.). The edible 

material of a cereal-based food product may be derived from wheat (e.g., bleached flour, 

whole wheat flour, wheat germ, wheat bran, etc.), corn (e.g., corn flour, cornmeal, 

cornstarch, etc.), oats (e.g., puffed oats, oatmeal, oat flour, etc), rice (e.g., puffed rice, 

rice flour, rice starch), and so forth. In yet another embodiment, the food product may be 

a "solid" dairy-based product. Non-limiting examples of suitable "solid" dairy-based food 

products include hard cheese products, soft cheese products, ice cream products, yogurt 

products, frozen yogurt products, whipped dairy-like products, sherbets, and the like. In 

an alternate embodiment, the food product may be a nutritional supplement. The 

nutritional supplement may be liquid or solid. In another alternate embodiment, the food 

product may be a meat product or a meat analog product. Examples of meat food 

products include, but are not limited to, processed meats, comminuted meats, and whole 

muscle meat products. The meat material 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 material in a meat food 

product. 

DEFINITIONS 

[0053] To facilitate understanding of the invention, several terms are defined 

below. 

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 
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number of peptide bonds present in the intact protein). The % DH was estimated using 

either the trinitrobenzene sulfonic acid (TNBS), or the ortho-phthaldialdehyde (OPA) 

method. These procedures are accurate, reproducible and generally applicable 

procedures for determining the degree of hydrolysis of food protein hydrolysates. 

[0054] 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). 

[0055] 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 3.4.11-18 (International Union of Biochemistry and 

Molecular Biology enzyme classification system). 

[0056] 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. 

[0057] 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/or free amino acids. These products may be soluble or insoluble in 

water or water-based buffer solutions. 

[0058] The "OPA method" as used herein refers to the following procedure: 

0.25gm of soy protein hydrolysate was dissolved in 50 ml of extraction buffer (1 % SOS in 

0.025 N Sodium Hydroxide, 0.6 mM OTT) by shaking for 5.minutes at 65°C, then cooled 

to 25°C. The sample was then centrifuged at 5000 x g for 5 minutes to remove any 

undissolved material. Next, 0.2 ml aliquots of the sample, serine standard (3.6 mM in 

deionized water), and extraction buffer (used as a blank) were transferred (in triplicate) to 

test tubes, diluted with 10 ml OPA color reagent (0.012M OPA, 0.1 M sodium tetraborate, 

2% SOS}, and vortexed to mix. Reactions were allowed to proceed for 30 minutes, at 

which time absorbances were measured at 340 nm in a spectrophotometer. Means of 

each triplicate sample were used to determine %DH as described by Nielsen (Nielsen, 
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P.M et al (2001) "Improved Method for Determining Food Protein Degree of Hydrolysis", 

J. Food Sci. 66(5):642-646). 

[0059] 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. 

[0060] 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 formed from 

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. 

[0061] The terms "soy protein isolate" or "isolated soy protein," as used herein, 

refer to a soy material having a protein content of at least about 90% soy protein on a 

moisture free basis. A soy protein isolate 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. 

[0062] 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 
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about 3.5% up to about 20% soy cotyledon fiber by weight on a moisture-free 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. 

[0063] 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 about 65% on a moisture free basis. Preferably the flour is very finely ground, most 

preferably so that less than about 1 % of the 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-activity soy flour refers to a 

full fat soy flour that has been minimally heat-treated in order not to neutralize its natural 

enzymes. 

[0064] 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. 

[0065] 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. 

[0066] The term "simplified trinitrobenzene sulfonic acid (S-TNBS) method" as 

used herein, refers to an accurate, reproducible and generally applicable procedure for 
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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 hydrolysate 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 glycin~ 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 (100/0.71 O)]. 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., 27(6):1256-1262). 

[0067] When introducing elements of the present invention or the preferred 

embodiment(s) thereof, the articles "a," "an," "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. 

[0068] 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 

[0069] The following examples illustrate various iterations of the invention. 

Example 1. Initial Screen for CCK Releasing Activity. 

[0070] A cell-based assay was used to determine whether complex mixtures of 

soy proteins/soy peptides stimulated the release of CCK. Initially 40 different samples 

were assayed to determine which had the highest CCK stimulating activity. Cell viability 

was also assessed after exposure to the various preparations. 
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[0071] An aliquot (0.1 g) of each freeze-dried sample was reconstituted in 5 ml of 

phosphate buffered saline (PBS; 137 mM NaCl, 2.7 mM KCI, 4.3 mM Na2HP04, 1.4 mM 

KH2P04, pH 7.2) to a stock concentration of 20 mg/ml (w/v). After gentle mixing for 

about 15 minutes, the samples were allowed to hydrate overnight at 4°C, and then 

centrifuged at 16,000 x g for 30 minutes at 4°C to remove insoluble material. The 

supernatant fractions were diluted 1: 10 in serum-free culture medium and assayed in 

triplicate for CCK release at a final concentration of about 2 mg/ml. STC-1 cells, a 

mouse enteroendocrine cell line that displays many features of native intestinal CCK­

producing cells (Rindi et al. 1990, Am. J. Pathol. 136:1349-1364; Chang et al., 1994, 

Biochim. Biophys. Acta 1221 :339-437), were exposed to the soy protein samples for 4 

hour under standard conditions. The negative control was bovine serum albumin (BSA) 

at 2 mg/ml (w/v) in serum-free culture medium and the positive control was 100 nM PMA 

in 2 mg/ml BSA (w/v) in serum-free culture medium. The cell-conditioned medium was 

removed and CCK levels were measured using a competitive enzyme assay. Cell 

viability was assessed using the (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 

bromide (MTT) assay (Vellomen K-S, Honkakoski P and Urtti A (2004) Substrates and 

Inhibitors of Efflux Proteins Interfere with the MTT Assay in Cells and May Lead to 

Underestimation of Drug Toxicity, Eur. J. Pharm. Sci. 23:181-188). 

[0072] All of the initial samples with CCK stimulating activity were hydrolysates. In 

the initial sample set, the non-hydrolyzed protein samples did not stimulate CCK release 

over basal levels. This can be seen for intact soy and caseinate protein in Figure 1. No 

significant loss in cell viability or metabolic activity was detected upon exposure to any of 

the initial samples. 

[0073] The 40 samples were re-screened with this cell-based assay using fresh 

preparations of the samples. While the absolute amount of CCK released varied, the 

same 11 samples were ranked as the top stimulators (% of control PMA was 30% or 

greater). 

Example 2. Fractionation of a Potent CCK Releasing Sample. 

[0074] Sample 9 (i.e., SUPR0®950/FXP950, which is isolated soy protein 

hydrolyzed with ALCALASE®) had one of the highest CCK-releasing activities. To 

28 



WO 2010/078461 PCT/US2009/069867 

estimate the molecular weights of the peptides in this sample, it was fractionated by 

tangential flow filtration. For this, a 5% slurry of the sample was fractionated using a 

tangential flow filtration unit equipped with a 100 kDa MWCO flat sheet membrane (Lab 

20, Alfa Laval, UK). The retentate was collected (i.e., a greater than 100 kDa fraction) 

and the permeate was fractioned using the same filtration unit equipped with a 10 kDa 

MWCO flat sheet membrane to form a 10-100 kDa fraction and a less than 10 kDa 

fraction. The fractions were lyophilized, resuspended in PBS, diluted in serum-free 

culture medium, and four concentrations (w/v) of each were assayed for CCK-releasing 

activity in STC-1 cells as detailed above. 

[0075] Table 1 presents the results. The 10-100 kDa and less than 1 O kDa 

fractions had the highest CCK release stimulating activity. The fractions were also 

resolved by SOS-PAGE (see Figure 2) and low molecular weight peptides were present 

in every fraction. This finding suggests that low and high molecular weight molecules 

may be interacting through hydrophobic or other interactions and, consequently, are not 

well separated by this method. It is clear, however, that low molecular weight peptides 

induce CCK release and they account for the activity observed in the higher molecular 

weight fractions. 

41 Starting sample 
_(§Jd.E.BQ.~~-~Q!f0P.~5o* ............................. ___ _ 

~ i2~~~~ml __ _JJm ~ ~:~~i ____ _l~~-~-~---.!. 
! 42 .2:.1QQ_~~-Q§! __ ~!:~£t~2.fl __ ~-----.... --. ---J--~--··········--·--------------~-·--+----------< 
! 8 mg/ml ! 0.161 ± 0.006 i 91.5% 
I 2 mg/ml l 0.105 ± 0.004 ! 43.6% 
I 0.5 mg/ml 0.073 ± 0.002 I 16.2% 
I >-...... QJ_g_?. __ ~_9!.!!1l~ o. 059 ± o. 002 ~------~-------------------4~. 3_01c~o ~--; 
14~ _____ J_Q~_~og~~1a fraction o.204 ±-o:ocf3---------f---~--
I 2 mg/ml 0.141 ± 0.003 I 
I 0.5 mg/ml 0.079 ± 0.023 
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8 mg/ml 0.183 ± 0.015 110.3% 
2mg/ml 0.122±0.016 58.1% 

· 1 0.5 mg/ml 0.100 ± 0.007 1 39.3% 

~-~~~~?1~J~ --=~--~-rit41titi=--~~ l ............. ;. .............................................. C ................. (llr···-·····-····-··-·····-·--.- ·--· ---. ~---
*ISP treated with ALCALASE' 

Example 3. CCK Releasing Activity of a Potent CCK Releasing Hydrolysate 

Fraction After Pepsin and Pepsin-Pancreatin Digestion to Mimic In Vivo Digestion 

in the Intestine 

[0076) Figure 3 shows the stimulation of CCK release by pepsin and pepsin­

pancreatin digested preparations of the 10 -100 kDa fraction of SUPR0®950/FXP950, a 

hydrolyzed protein preparation described in Example 2, showing that the CCK releasing 

activity of this peptide hydrolysate fraction was maintained after digestion of this fraction 

by enzymes known to be present in the digestive track of humans and other animals. 

The digestion method with pepsin and pepsin-pancreatin, to mimic in vivo stomach and 

upper intestinal digestion, is a modification of the previously published procedures of 

Schasteen (Shasteen, 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 37°C for 4 hour. 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 to18 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 (110°C for 24 hours). The protein hydrolysates were added to the media of 

STC-1 cells at a protein concentration from 0.5 to 8 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 absolute concentration of 
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CCK (ng/ml) released into the media of STC-1 cells stimulated by the pepsin and 

pepsin-pancreatin treated protein hydrolysate samples. The concentration of CCK 

stimulated by the positive control 100 nM PMA and negative control 2 mg/ml BSA are 

shown by the arrows marked 'PMA Control' and 'Baseline CCK Release', respectively, in 

Figure 3. 

Example 4. CCK-Releasing Activity of Soy Protein Hydrolysates. 

[0077] The CCK releasing activity of several different soy protein hydrolysates 

with various degrees of hydrolysis was also analyzed. For this, isolated soy protein was 

hydrolyzed with ALCALASE®, bromelain, serine protease, Alcalase® 2, S2, MP1, TL 1, 

and ASP-1. The amount of enzyme added and/or the duration of the incubation period 

were adjusted to give various degrees of hydrolysis. STC-1 cells were exposed to the 

different hydrolysates diluted to a final protein concentration of about 2 mg/ml. CCK 

release was assayed as described above. Figure 4 illustrates 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 PMA, which was set at 100%. %CCK released into the cell culture 

media is calculated as follows: 

% CCK release =(ng CCK samo1ewe11 - ng CCK es8co~!L x 100 

(ng CCK PMAwell - ng CCK BSA control well) 

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. The relative ability of the soy hydrolysates to induce CCK 

release by the STC-1 cells is dependent on the enzyme and degree of hydrolysis. 

Experimental Example 1. Food Bar Containing Soy Protein Hydrolysates. 

[0078] In this Experimental Example, samples of food bars comprising 

proteinaceous material and sugar syrups are produced using ingredients listed in Table 2 

below. 
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Experimental Example 2. Acid Beverage Containing Soy Protein Hydrolysates. 

[0081] An acid beverage according to the present invention is prepared. 130.0 

parts soy protein ingredient and 8539 parts deionized water are added to a vessel. The 

contents are mixed under high shear until evenly dispersed. The dispersion is then 

heated to 74°C to 79°C (165°F to 175°F) and mixed for an additional 10 minutes. Then 

added with mixing are 1180 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 
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pasteurization at 107°C 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 3. A Dry Blend Containing the Soy Protein Hydrolysates. 

[0082] The following Experimental Example illustrates the preparation of the dry 

blend containing the protein of this invention with components listed in Table 3 below. 

Table 3 

~~~n~~:~ 
Sucrose ............................................... 2.cL:22--· ........................................................... 6m! 

--------.-------------.--················· ···----·~··------------------------------------- ----------------------------------- I 
, Dry Cream 1.01 0.30 
!E~raci J l----------··· ........................................................................................................................ ~--! 
! Ice Cream 1.35 0.40 i 
I Vanilla I 
! Flavor I i Sodium-------------· .................................... cf·34--· ........................................................... () .·10-1 
i Chloride -- -- I 
: . . --~--- ~~-------\ 

i Total 100.00 29.71 ! :..,.,.,.,.,., .... ,~,.,_ ... ~ .... -..~_-...,.....,...~---- -~-.-.. ----.. -...,....,..,..,-... -, __ ..,..,... _____ ..,..,...,...,._~_.....,-_~---~~~-..,...-""~""~-..~-..----"".....,......,..~-.. -.---..------> 

[0083] Ingredients are added to a vessel and mixed to form a dry blend. 

J:?C.eerimental Example 4 - A beverag,~ qqntaining the dry blend C\S prepared in 

Experimental Example 3 

[0084] A ready to drink beverage is prepared by adding a dry blend as prepared in 

Experimental Example 3 to a liquid. Order of addition is of no importance. 

[0085] 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. 

[0086] Experimental Example 4 is the inventive ready to drink beverage prepared 

by adding 29.71 grams of the product of Experimental Example 3 to 240 ml of skim milk. 

The contents are blended for 30 seconds. 
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Experimental Examele 5 :- A beverage containing the dr:t blend as prepared in 

Experimental Example 3 

[0087} A ready to drink beverage is prepared by adding a dry blend as prepared in 

Experimental Example 3 to a liquid. Order of addition is of no importance. 

[0088] 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. 

[0089] Experimental Example 5 is the inventive ready to drink beverage prepared 

by adding 29.71 grams of the product of Experimental Example 3 to 240 ml of water. 

The contents are blended for 30 seconds. 

Experimental Example 6 Unflavored Low Fat Sovmilk Containing the Soy Protein 
Hydrolysates 

Serving size: 8.5g protein/250g. 

Table 4 Formula for Lg~9.L~.9.Y.~ilk ____ 

1 I Ingredients 1 % in formula 

t=~~!~~~u~~1rf ate·- ___ ____________ ---~-~~-~--
1 Soy protein 3.8-4.2 

( hydrolysate* ----------·----·------i 
( ___ M~!!.9.Q~-~!~l.Q_________ -----.--~---------------~-4. 4 
i Sugar .. mmm .................. ·----.-~4 J 

High Oleic 0.72 ! 
Sunflower oil i ---·--·-···· ------··---·------------;:-1 
Carra eenan i ·-------···---·QJ~.~..1 
*Percentage of soy protein hydrolysate used in formula was adjusted depending on 
protein content as is 

[0090] Disperse citrate in 60°C (140°F) water. Increase mixing speed and 

disperse protein into water. After protein is thoroughly dispersed increase slurry 

temperature to 75°C (167°F), reduce mixing speed and continue mixing 10 minutes. 

Preblend maltodextrin, sugar and carrageenan, add to protein slurry and continue mixing 

at low speed for 5 minutes. Add sunflower oil to slurry and continue mixing at slow 

speed until homogenous for approximately 3 minutes. Adjust slurry pH using 45% 
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potassium hydroxide to between 7.0 and 7.2. Process as follows: homogenization, 

pasteurization and cooling. Heat product to 72°C (162°F) and homogenize at 750 psi, 

second stage; 2250 psi, first stage. Pre-heat slurry to 100°C (212°F) and UHT at 141°C 

(286°F) for 6 seconds. Cool product to 31°C (88°F) and package in sterilized bottles. 

Store refrigerated. 

Experimental Example 7 Unflavored Beverage C()ntaining 50% Soy Protein 

Hvdrolysates and 50% Skim Milk. 

Serving size: 8g protein/260g 

Table 5 Unflavore9._.!?.~Y.~.r~£t~,.!2Enl~~,?-~~~ 

Di~~efltiO'~=l=-=f~~ 
soY.J?.r2!~.!n .. ~.Y.9E.2!Y.~-~!~-~: __ 1 1 . 71-1 . 9 
Skim milk i 50 
Maltodextrin 1.95-2.12 
Suqar m------------r-----------------~-~-T~ 

.............................. ~ ......................................................................................... ,.,., .. ..,.,....,~...,....,...,..._...,...,...-...,...,...,..._. --~------~-~--~~~··· 
Hi h Oleic Sunflower oil ! 0.84 
.. . ·-····--··--------------·--+·------------------.----1 
Sod i~_r.!! __ ~!!!.§.!~1 .. .9.~-~.Y.9.r~!~---J- o. 05 
Magnesium phosphate, I 0.038 

~~-~~/~se. el ---·---+-------------------------------m·0.25 1 

.. carra-mee~an i o. 02 I 
r---~-------------~---·i 
Vita mi n/m i.~-~r.9LPl~!!!.l?.< ______________ J _________________________ ,Q.006 i 
* Percentage of soy protein hydrolysates used in formula was adjusted depending on 
protein content as is 

Disperse citrate in all deionized water at 15°C (59°F) using moderate speed mixing. 

Disperse SUPRO® Plus in water. After all lumps are dispersed, heat slurry to 77°C 

(170°F) 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 1 N NaOH. Heat skim milk slowly to 72°C (162°F) 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 72°C (162°F) and homogenize at 750 psi, second 
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stage, 2250 psi, first stage. Pre-heat slurry to 104°C (220°F) and UHT at 141°C (286°F) 

for 6 seconds. Cool product to 31°C (88°F) and package. Store refrigerated. 

J;xperimental Example 7 VanillaFlavored Weight Management Beverage 

Containing Calcium Caseinate and Non-Fat Dr~ Milk (NFDM} and Soy Pro,tein 

Hydrolxsate as the Protein Sources 

Serving size: 1 Og protein/11 oz 

T bl 6 V ·11 'Fl d W . ht M a e ani a av ore e1a anaaemen tB _everaoe F ormu a 

Ingredients % in formula 
.............................. 

Soy 
containing 
20% Ca 

All milk casein ate 
protein replacement 

Distilled Water 82.4 82.5 ---
Soy protein hydrolysate 0.0000 0.68-0.71 

NFDM 6.39 6.39 ---
Sucrose 7.0 7.0 

' .............. 

Gum Arabic 1.31 1.31 ___ ,,,,_ 

Calcium Caseinatej85.5%) 0.68 0 

Cellulose Gel 0.35 0.35 _ .... ____ 
Canola Oil 0.77 0.74 _ ... __ ... , ...... ,.~.,., .. 

Potassium Citrate 0.14 0.13 

Sodium Citrate 0.05 0.04 
,_., 

Lecithin 0.07 0.07 -------
Carrageenan 0.04 0.04 ,,..., ____ ..., 
Calcium Carbonate 0.06 0.03 ----
Magesium ~arbonate 0 0.02 

Magnesium Phosphate, dibasic 0.25 0.21 __ ... ,.,.,.,.,., ... ,., .•.. 
Vit/Min. premix 0.07 0.07 __ ............................. 
Vanilla flavor 0.40 0.40 

[0091] Prepare a pre-blend as follows: mix the carrageenan and cellulose with a 

small portion of the formula sucrose. Mix the gum arabic and remaining sucrose. Mix 

canola oil. 
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[0092] 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 

65°C (150°F). Hydrate for 15 minutes, reduce mixing speed after reaching 65°C 

(150°F). Heat canola oil/ emulsifier blend to about 70°C (158°F) 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, magnesium 

phosphate, 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/6seconds, 2500/500 psi 

Experimental Example 8 . Dry Blended Beverage Performance Beverage 
Containing So!{ Protein Hydrolysates. 

Table 7 Orv-Blended Performance Beveraae Formula 
i lnqredients % in formula -1 
1 
___ §_2Y __ PE2!~-~!:! .. bXgrgJ}".sates 16. 2-16. 9 I 
Whey Protein Isolate (92. 7% protein 

--~~---L9l_______ 15. 81 i 
___ § ug§!!_~------------------------------------------------------------- 3. 2 5 i 
Fructose 3.25 i ........................................... --------. -. -. -- ~-------------------------------~ 

Cocoa 3.00 i 
, ............ ~ ... ~ ...... , ... ,,,,,,,,,,,,, ........................ ,.~, ...... ,,,_,,_~ ------

Fat Powder 1.40 
Xanthan Gum 0.40 

"warn in p rel}J_~,!-___________________________________ 0. 06 
Sucralose , 0.04 

-...-··-·-·-·~-···----------,.--...,....,..._-_...,....,...,.._____ _ .................................... ..,.,~ ....................................................... v-._,._ ... ._..........,,.., __ _ 

Sweetness Enhancer, l 0.30 
i---------~ .............................................................. _ ........................................... ~ ... -. --·--t-------'--,.-,...-. ..,......,..._...,..,...,..,. ... ___ ..,..,.._ .. ,.,.,.,.,.,.,.,.,., 

Chocolate flavor 1 0.65 1-------------------------t------------------------------·-
! Cream I 0.20 
1-----------------------------------------------+------~ 
i Total 44.8 - 45.3 
'-----~--~---~----~-----------------------------------..__ ____ __, 

[0093] 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. 
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CLAIMS 

What Is Claimed Is: 

1. A soluble fraction of a protein hydrolysate composition, the composition 

comprising a mixture of polypeptide fragments that have an average size of 

less than about 100,000 Daltons, wherein a concentration of at least about 

0.5 mg/ml of the protein hydrolysate composition stimulates cholecystokinin 

releasing activity with a potency substantially similar to greater than 50% of 

cholecystokinin released by STC-1 cells stimulated with 100 nM of phorbol 

12-myristate-13-acetate for 4 hours. 

2. The protein hydrolysate composition of claim 1, wherein the protein 

hydrolysate composition has a degree of hydrolysis from about 0.05% to 

about 35%. 

3. The protein hydrolysate composition of claim 1, wherein the protein 

hydrolysate composition is derived from a protein material selected from the 

group consisting of soy, barley, canola, lupin, maize, oat, pea, potato, rice, 

wheat, egg, animal, and combinations thereof. 

4. The protein hydrolysate composition of claim 1, wherein the protein 

hydrolysate composition is derived from soy protein material in combination 

with a protein material selected from the group consisting of barley, canola, 

lupin, maize, oat, pea, potato, rice, wheat, egg, dairy, animal, and 

combinations thereof. 

5. The protein hydrolysate composition of claim 1, wherein the protein 

hydrolysate composition is derived from soy protein material, and the protein 

hydrolysate composition has a degree of hydrolysis of from about 0.05% to 

about 35%. 

6. A method for increasing the cholecystokinin releasing activity of a cell, the 

method comprising contacting the cell with a soluble fraction of a protein 

hydrolysate composition, the composition comprising a mixture of 

polypeptide fragments that have an average size of less than about 100,000 

Daltons, wherein a concentration of at least about 0.5 mg/ml of the protein 
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hydrolysate composition stimulates cholecystokinin releasing activity with a 

potency substantially similar to greater than 50% of cholecystokinin released 

by STC-1 cells stimulated with 100 nM of phorbol 12-myristate-13-acetate for 

4 hours. 

7. The method of claim 6, whe.rein the protein hydrolysate composition has a 

degree of hydrolysis from about 0.05% to about 35%. 

8. · The method of claim 6, wherein the protein hydrolysate composition is 

derived from soy protein material in combination with a protein material 

selected from the group consisting of barley, canola, lupin; maize, oat, pea, 

potato, rice, wheat, egg, dairy, animal, and combinations thereof. 

9. The method of claim 6, wherein the protein hydrolysate composition is 

derived from soy protein material. 

10. The method of claim 9, wherein the soy protein material is selected from the 

group consisting of soy extract, soy milk, soy milk powder, soy curd, defatted 

soy flour, partially defatted soy flour, full fat soy flour, isolated soy protein, 

soy protein concentrate, and a combination thereof. 

11. The method of claim 6, wherein the soy protein hydrolysate composition is 

produced by subjecting a protein starting material to enzymatic digestion. 

12. The method of claim 11, wherein the enzyme is an endopeptidase selected 

from the group consisting of serine protease (SP1) from Nocardiopsis 

prasina, serine protease from Bacillus /icheniformis, subtilisin protease from 

Bacillus licheniformis, trypsin-like protease from Fusarium oxysporum, lysyl 

endopeptidase from Achromobacter lyticus, subtilisin protease 2, metallo 

protease 1, aspartate protease 1, bromelain, subtilisin, and combinations 

thereof. 

13. The method of claim 12, wherein the enzyme further comprises an· 

exopeptidase. 

14. A method for promoting satiety in a subject, the method comprising 

administering to the subject an amount of a soluble fraction of a protein 

hydrolysate composition, the composition comprising a mixture of 

polypeptide fragments that have an average size of less than about 100,000 
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Daltons and a degree of hydrolysis from about 0.05% to about 35%, wherein 

a concentration of at least about 0.5 mg/ml of the protein hydrolysate 

composition stimulates cholecystokinin releasing activity with a potency 

substantially similar to greater than 50% of cholecystokinin released by STC-

1 cells stimulated with 100 nM of 12-myristate-13-acetate for 4 hours, 

wherein the amount administered results in a feeling of satiety by the subject. 

15. A food product, the food product comprising: 

(a) an edible material; and 

(b) a soluble fraction of a protein hydrolysate composition, the composition 

comprising a mixture of polypeptide fragments that have an average size 

of less than about 100,000 Daltons, wherein a concentration of at least 

about 0.5 mg/ml of the protein hydrolysate composition stimulates 

cholecystokinin releasing activity with a potency substantially similar to 

greater than 50% of cholecystokinin released by STC-1 cells stimulated 

with 100 nM of 12-myristate-13-acetate for 4 hours. 
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