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57 ABSTRACT

(Modified) rice endosperm protein is used as novel protective
hydrocolloid for active ingredients, especially fat-soluble
active ingredients and/or colorants. Included are composi-
tions comprising (modified) rice endosperm protein and at
least one active ingredient and to their manufacture, as well as
to the (modified) rice endosperm protein itself and its manu-
facture. These compositions are used for the enrichment,
fortification and/or coloration of food, beverages, animal
feed, personal care or pharmaceutical compositions, and to
food, beverages, animal feed, personal care and pharmaceu-
tical compositions containing such a (modified) rice
endosperm protein and such a composition, respectively.
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 5
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Fig. 6
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Fig. 8
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Fig. 9
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PROTECTIVE HYDROCOLLOID FOR
ACTIVE INGREDIENTS

[0001] Thepresent invention is directed to the use of (modi-
fied) rice endosperm protein as novel protective hydrocolloid
for active ingredients, especially fat-soluble active ingredi-
ents and/or colorants. Moreover, the present invention is
directed to compositions comprising (modified) rice
endosperm protein and at least one active ingredient and to
their manufacture, as well as to the (modified) rice endosperm
protein itself and its manufacture. The present invention is
further directed to the use of such compositions for the enrich-
ment, fortification and/or coloration of food, beverages, ani-
mal feed, personal care or pharmaceutical compositions, and
to food, beverages, animal feed, personal care and pharma-
ceutical compositions containing such a (modified) rice
endosperm protein and such a composition, respectively.
[0002] Active ingredients, especially fat-soluble active
ingredients or colorants, are often not added as such to food,
beverages, animal feed, personal care and pharmaceutical
compositions, but in form of formulations of the active ingre-
dient in a hydroprotective colloid for reasons of enhancing
properties such as chemical stability, (water-)solubility, free-
flowing and controlled release etc. Known hydroprotective
colloids are e.g. gelatine of different origin (poultry, bovine,
pork, fish) and starch. Since hydroprotective colloids of ani-
mal origin are often not desired for religious or allergenic
reasons and starch-based hydroprotective colloids might have
low preference for consumers who are interested in gluten
and corn-free products there is an on-going need for alterna-
tive hydroprotective colloids.

[0003] Rice endosperm proteins are recognized as nutri-
tional and hypoallergenic and can, thus, be a suitable alterna-
tive source of protective hydrocolloid for formulations of
active ingredients. However, high insolubility and poor func-
tionality of rice endosperm protein at neutral pH limits its
industrial application as a functional ingredient in food and
pharmaceuticals products. The present invention overcomes
these limitations and incorporates the (modified) rice
endosperm protein as a protective hydrocolloid for formula-
tions of active ingredients, especially of fat-soluble active
ingredients and/or colorants,

[0004] Rice proteins rank high in nutritional quality in
comparison to other cereals including corn and wheat, and are
therefore perceived to have immense potential uses as food
ingredients. Cereal grain proteins are rich in the essential
amino acids cysteine and methionine. Lysine is the primary
limiting amino acid in cereal proteins, but rice contains more
lysine (3.8 g/16 g N) than other cereal proteins (wheat 2.3,
corn2.5 g/16 gN) (see reference 4 cited below). Althoughrice
is generally regarded as having the lowest protein content
(7.3%) among the common grains (wheat 10.6%, corn 9.8%,
barley 11.0%, millet 11.5%), the net protein utilization ofrice
protein (73.8%) is the highest among the cereal grains (wheat
53.0%, corn 58.0%, barley 62.0%, millet 56.0%).

[0005] Compared with other cereal proteins, isolation of
rice protein is difficult and therefore costly. The predominant
rice protein, glutelin, is hydrophobic and is cross-linked with
disulfide bonds. The extracted proteins are highly insoluble in
nature and the conditions used in protein isolation further
decrease their solubility, and thus have limited application as
a functional ingredient. High-protein rice products can be
obtained from rice flour by alkali extraction followed by
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precipitation at the isoelectric pH of the protein. Starch-hy-
drolyzing enzymes such as alpha-amylase, glucoamylase,
and pullulanase are often used to separate proteins in rice
flour by solubilizing and removing starch. In addition to
starch hydrolyzing enzymes, cellulase and hemicellulase
enzymes have been used to further increase the protein con-
tent in rice protein concentrate. However, information on
suitable extraction methods and functionalities of such iso-
lates is limited. Efficient extraction methods using approved
food grade enzymes and chemicals are essential for commer-
cial production and application of rice protein.

[0006] This need is fulfilled by the compositions of the
present invention which comprise a rice endosperm protein
and an active ingredient.
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DETAILED DESCRIPTION OF THE INVENTION
Compositions of the Present Invention

[0031] The compositions of the present invention may be
solid compositions, i.e. stable, water-soluble or water-dis-
persible powders, or they may be liquid compositions, i.e.
aqueous colloidal solutions or oil-in-water dispersions of the
aforementioned powders. The stabilised oil-in-water disper-
sions, which may be oil-in-water emulsions or may feature a
mixture of suspended, i.e. solid, particles and emulsified, i.e.
liquid, droplets, may be prepared by the methods described
below or by an analogous manner.

[0032] More specifically, the present invention is con-
cerned with stable compositions in powder form comprising
one or more (fat-soluble) active ingredients and/or one or
more colorants in a matrix of a (modified) rice endosperm
protein.

[0033] Preferably the amount of the (modified) rice
endosperm protein is from 1 to 70 weight-%, more preferably
from 5 to 50 weight-%, even more preferably from 10 to 40
weight-%, most preferably from 10 to 20 weight-% (with 20
weight-% being the most preferred one) and/or the amount of
the (fat-soluble) active ingredient and/or colorant is from 0.1
to 90 weight-%, preferably from 1 to 80 weight-%, more
preferably from 1 to 20 weight-%, based on the total amount
of the composition. If additional adjuvants and/or excipients
such as tocopherol and/or ascorbyl palmitate are present, they
are present in an amount of from 0.01 to 50 weight-%, pref-
erably in an amount of from 0.1 to 30 weight-%, more pref-
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erably in an amount of from 0.5 to 10 weight-%, based on the
total amount of the composition.

(Modified) Rice Endosperm Protein

[0034] In preferred embodiments of the present invention
the rice endosperm protein is a modified rice endosperm
protein whose manufacture is described below (see page 13,
line 26 till page 18, line 23 and examples 1 to 7). An especially
preferred rice protein is one obtained by the following steps:
alkaline extraction, (enzymatically modification, especially
with Alkalase), centrifugation and ultra-filtration. If needed
for the further use the thus obtained modified rice endosperm
protein may also be dried.

[0035] Theinventionis, however, not restricted to the use of
such manufactured modified rice endosperm proteins.
[0036] Even more preferred are (modified) rice endosperm
proteins that have an emulsion capacity of 2220, preferably
of 2350, more preferably of 2500, even more preferably of
from 500 to 1000. Additionally in preferred embodiments of
the invention the used (modified) rice endosperm proteins
have an emulsion activity of 0.2, preferably of 20.45, more
preferably of 0.5, even more preferably of from 0.5 to 1.0.
The determination of the emulsion capacity is described in
example 8, the determination of the emulsion activity is
described in example 9. The present invention refers also to
these (modified) rice endosperm proteins themselves.

[0037] In further preferred compositions of the present
invention the (modified) rice endosperm protein is cross-
linked with at least one compound selected from the group
consisting of reducing sugars, glycoproteins or glycopep-
tides.

Active Ingredient

[0038] The active ingredients are those ingredients with a
pharmacological effect or those providing health benefits to
the human or animal body in general. Preferably the active
ingredient is a fat-soluble active ingredient and/or a colorant.
[0039] The fat-soluble active ingredient and/or the colorant
is preferably selected from the group consisting of carotenes
and structurally related polyene compounds, fat-soluble vita-
mins, coenzyme Q10, polyunsaturated fatty acids such as
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) and esters thereof (such as the ethyl esters or the
triglycerides (containing the same or different fatty acids)),
mono-, di-, triglycerides rich in polyunsaturated fatty acids,
fat-soluble UV-A filters, UV-B filters, as well as their physi-
ologically acceptable derivatives such as their esters, espe-
cially with C,_,, carbonic acids, and any mixtures of them.

[0040] The most preferred fat-soluble vitamins are Vitamin
AorE.
[0041] Preferred examples ofthe carotenes and structurally

related polyene compounds are carotenoids such as a-caro-
tene, [-carotene, 8'-apo-f-carotenal, 8'-apo-f-carotenoic
acid esters such as the ethyl ester, canthaxanthin, astaxanthin,
lycopene, lutein, zeaxanthin, crocetin, «-zeacarotene,
[p-zeacarotene, as well as their physiologically acceptable
derivatives such as their esters, especially with C,_,, carbonic
acids, and any mixtures of them.

[0042] The most preferred carotenoid is f-carotene.

[0043] The term “P-carotene” encompasses the all-cis as
well as the all-trans isomers and all possible mixed cis-trans-
isomers. The same applies for the other carotenoids.
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[0044] The term “zeaxanthin” encompasses the natural
R,R-zeaxanthin, as well as S,S-zeaxanthin, meso-zeaxanthin
and any mixture of them. The same applies for lutein.
[0045] The (fat-soluble) active ingredients may be of natu-
ral origin, i.e. isolated/extracted from plants, purified and/or
concentrated, as well as those synthesized by chemical and/or
microbiological (fermentative) routes.

Further Components

[0046] Beside the active ingredient and the (modified) rice
endosperm protein the compositions of the present invention
may preferably additionally contain at least one water-
soluble anti-oxidant and/or fat-soluble antioxidant.

[0047] The water-soluble antioxidant may be for example
ascorbic acid or a salt thereof, preferably sodium ascorbate,
watersoluble polyphenols such as hydroxytyrosol and oleu-
ropein aglycon; epigallocatechingallate (EGCG) or extracts
of rosemary or olives.

[0048] The fat-soluble antioxidant may be for example a
tocopherol, e.g. dl-a-tocopherol (i.e. synthetic tocopherol),
d-a-tocopherol (i.e. natural tocopherol), - or y-tocopherol,
or a mixture of two or more of these; butylated hydroxytolu-
ene (BUHT); butylated hydroxyanisole (BHA); ethoxyquin,
propyl gallate; tert. butyl hydroxyquinoline; or 6-ethoxy-1,2-
dihydroxy-2,2,4-trimethylquinoline (EMQ), or an ascorbic
acid ester of a fatty acid, preferably ascorbyl palmitate or
stearate.

[0049] The compositions of the present invention may fur-
ther contain a co-emulgator selected from the group consist-
ing of mono- and diglycerides of fatty acids, polyglycerol
esters of fatty acids, lecithins; N-acylated amino acids and
derivatives thereof, N-acylated peptides with an alkyl or alk-
enyl radical, and salts thereof; alkyl or alkeny] ether or ester
sulfates, and derivatives and salts thereof; polyoxyetylenated
alkyl or alkenyl fatty ethers or esters; polyoxyethylenated
alkyl or alkenyl carboxylic acids and salts thereof, N-alkyl or
N-alkenyl betaines; alkyltrimethylammonium or alkenyltri-
methylammonium and salts thereof; polyol alkyl or alkenyl
ether or ester; and mixtures thereof.

[0050] Preferred examples of polyol alkyl or alkenyl ethers
or esters are sorbitan alkyl or alkenyl esters polyoxyethylena-
ted with at least 20 units of ethylene oxide, such as sorbitan
palmitate 20 EO or Polysorbate 40 marketed under the trade-
name Montanox 40 DF by the company Seppic, sorbitan
laurate 20 EO or Polysorbate 20 marketed under the trade-
name Tween 20 by the company ICI, and sorbitan monostear-
ate.

[0051] The formulations according to the present invention
may further be pressed into tablets, whereby one or more
excipients and/or adjuvants selected from the group consist-
ing of monosaccharides, disaccharides, oligosaccharides and
polysaccharides, glycerol, and triglycerides, may be added.
[0052] Preferred examples of mono- and disaccharides
which may be present in the compositions of the present
invention are sucrose, invert sugar, xylose, glucose, fructose,
lactose, maltose, saccharose and sugar alcohols.

[0053] Preferred examples of the oligo- and polysaccha-
rides are starch, modified starch and starch hydrolysates.
Preferred examples of starch hydrolysates are dextrins and
maltodextrins, especially those having the range of 5 to 65
dextrose equivalents (DE), and glucose syrup, especially such
having the range of 20 to 95 DE. The term “dextrose equiva-
lent” (DE) denotes the degree of hydrolysis and is a measure
of the amount of reducing sugar calculated as D-glucose
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based on dry weight; the scale is based on native starch having
a DE close to 0 and glucose having a DE of 100.

[0054] The triglyceride is suitably a vegetable oil or fat,
preferably corn oil, sunflower oil, soybean oil, safflower oil,
rapeseed oil, peanut oil, palm oil, palm kernel oil, cotton seed
oil, olive oil or coconut oil.

[0055] Solid compositions may in addition contain an anti-
caking agent, such as silicic acid or tricalcium phosphate and
the like, and up to 10 weight-%, as a rule 2 to 5 weight-%, of
water.

Manufacture of the Composition

[0056] An object of the present invention is also a process
for the manufacture of the composition of the present inven-
tion which comprises the following steps:

I) preparing an aqueous solution or colloidal solution of a
(modified) rice endosperm protein,

1I) optionally adding at least a water-soluble excipient and/or
adjuvant to the solution prepared in step 1),

IIT) preparing a solution or dispersion of at least an active
ingredient, preferably of at least a fat-soluble active ingredi-
ent and/or colorant, and optionally at least a fat-soluble adju-
vant and/or excipient,

IV) mixing the solutions prepared in step I) to III) with each
other,

V) homogenising the thus resulting mixture,

V1) optionally adding a cross-linking agent for cross-linking
the (modified) rice endosperm protein,

Vla) optionally submitting the mixture resulting after having
performed step VI) to enzymatic treatment or heat treatment
to cross-link the (modified) rice endosperm protein

VI1I) optionally converting the dispersion obtained in step V)
and/or V1) into a powder,

VIII) optionally drying the powder obtained in step VII),
IX) optionally submitting the dry powder to heat treatment or
to enzymatic treatment to cross-link the (modified) rice
endosperm protein,

with the proviso that only step VIa) or step IX) is carried out,
but not both, when step V1) is carried out.

Step 1

[0057] This step is simply performed by adding water to the
(modified) rice endosperm protein or vice versa, optionally
under stirring. Alternatively homogenization may be possible
via ultrasonication.

[0058] Preferably the (modified) rice endosperm protein
with the preferences as described above is used.

Step 11

[0059] Water-soluble excipients and/or adjuvants that may

be added are e.g. monosaccharides, disaccharides, oligosac-
charides and polysaccharides, glycerol and water-soluble
antioxidants. Examples of them are given above.

Step 111

[0060] Active ingredients are those as described above.
[0061] The (fat-soluble) active ingredient and/or colorant
and optional fat-soluble excipients and adjuvents are either
used as such or dissolved or suspended in a triglyceride and/or
an (organic) solvent.

[0062] Suitable organic solvents are halogenated aliphatic
hydrocarbons, aliphatic ethers, aliphatic and cyclic carbon-
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ates, aliphatic esters and cyclic esters (lactones), aliphatic and
cyclic ketones, aliphatic alcohols and mixtures thereof.

[0063] Examples of halogenated aliphatic hydrocarbons
are mono- or polyhalogenated linear, branched or cyclic C1-
to C15-alkanes. Especially preferred examples are mono- or
polychlorinated or -brominated linear, branched or cyclic C1-
to C15-alkanes. More preferred are mono- or polychlorinated
linear, branched or cyclic C1-to C15-alkanes. Most preferred
are methylene chloride and chloroform.

[0064] Examples of aliphatic esters and cyclic esters (lac-
tones) are ethyl acetate, isopropyl acetate and n-butyl acetate;
and y-butyrolactone.

[0065] Examples of aliphatic and cyclic ketones are
acetone, diethyl ketone and isobutyl methyl ketone; and
cyclopentanone and isophorone.

[0066] Examples of cyclic carbonates are especially ethyl-
ene carbonate and propylene carbonate and mixtures thereof.

[0067] Examples of aliphatic ethers are dialkyl ethers,
where the alkyl moiety has 1 to 4 carbon atoms. One preferred
example is dimethyl ether.

[0068] Examples of aliphatic alcohols are ethanol, iso-pro-
panol, propanol and butanol.

[0069] Furthermore any oil (triglycerides), orange oil,
limonen or the like and water can be used as a solvent.

[0070] Fat-soluble excipients and/or adjuvants that may be
added are e.g. corn oil, mono- or diglycerides of fatty acids,
polyglycerol fatty acids, and middle chain triglycerides
(“MCT”).

Step IV

[0071] In an alternative process of the present invention
step III) is not carried out, but the active ingredient and the
optional fat-soluble excipient and/or adjuvant is directly
added to the solution of step I) or II).

StepV

[0072] For the homogenisation conventional technologies,
such as high-pressure homogenisation, high shear emulsifi-
cation (rotor-stator systems), micronisation, wet milling,
microchanel emulsification, membrane emulsification or
ultrasonification can be applied. Other techniques used for the
preparation of compositions containing (fat-soluble) active
ingredients and/or colorant for enrichment fortification and/
or coloration of food, beverages, animal feed, cosmetics or
pharmaceutical compositions are disclosed in EP-A 0 937
412 (especially paragraphs [0008], [0014], [0015], [0022] to
[0028]), EP-A 1 008 380 (especially paragraphs [0005],
[0007], [0008], [0012], [0022], [0023] to [0039]) and in U.S.
Pat. No. 6,093,348 (especially column 2, line 24 to column 3,
line 32; column 3, line 48 to 65; column 4, line 53 to column
6, line 60), the contents of which are incorporated herein by
reference.

Step VI

[0073] The cross-linking agent is preferably selected from
the group consisting of reducing sugars, glycoproteins, and
glycopeptides. Thus an intermolecular cross-linking between
the (modified) rice endosperm protein and the sugar or sugar
part of the glycoprotein/glycopeptide is formed. Preferred
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examples of the cross-linking agent are the reducing sugars
such as glucose, fructose, saccharose and xylose.

Step Vla

[0074] The cross-linking can be achieved by submitting
mixtures additionally containing a cross-linking agent as
described above to heat-treatment to cause cross-linking of
the sugar with the protein in a Maillard type reaction, i.e. by
thermally treatment, preferably at temperatures from about
30 to about 160° C., more preferably at temperatures form
about 70 to about 100° C., most preferably at temperatures
from about 80 to about 90° C.

[0075] Cross-linking of the (modified) rice endosperm pro-
tein with the cross-linking agent can also be achieved by
treatment with cross-linking enzymes (acyltransferases, EC
2.3, e.g. transglutaminase, EC 2.3.2.13, protein-glutamine:y-
glutamyltransferase), i.e. by enzymatically treatment, conve-
niently carried out at temperatures from about O to about 70°
C., preferably at temperatures from about 20 to about 40° C.
Preferably the enzymatic treatment according to step Vla) is
a treatment with a cross-linking enzyme, particularly with a
transglutaminase.

[0076] Enzymatic cross-linking results in stable protein-
containing polysaccharide networks, in the case of a trans-
glutaminase by the formation of e-(y-glutamyl)-lysine
isopeptide bonds. The use of glycoproteins or glycopeptides
is preferred for the enzymatic cross-linking.

[0077] Bothtechniques, heat-treatment to cause cross-link-
ing of the sugar with the protein in a Maillard type reaction
and enzymatic cross-linking can be used for the incorporation
of lipophilic moieties and can be carried out either in a dried
form of the composition (step IX), or in an aqueous solution
or suspension (step Vla). The enzymatic cross-linking is pref-
erably carried out in an aqueous solution or suspension.

Step VII

[0078] The so-obtained dispersion, which is an oil-in-water
dispersion, can be converted after removal of the organic
solvent (if present) into a solid composition, e.g. a dry pow-
der, using any conventional technology such as spray drying,
spray drying in combination with fluidised bed granulation
(the latter technique commonly known as fluidised spray
drying or FSD), or by a powder-catch technique whereby
sprayed emulsion droplets are caught in a bed of an absorbent,
such as starch, calcium silicate and silicon dioxide, and sub-
sequently dried.

[0079] Spray-drying may be performed at an inlet-tempera-
ture of from about 100 to about 250° C., preferably of from
about 150° C. to about 200° C., more preferably of from about
160 to about 190° C., and/or at an outlet-temperature (product
temperature) of from about 45 to about 160° C., preferably of
from about 55 to about 110° C., more preferably of from
about 65 to about 95° C.

Step VIII

[0080] The drying of the powder obtained in step VII is
preferably carried out at a temperature of =100° C., prefer-
ably at a temperature of from 20 to 100° C., more preferably
at a temperature of from 60 to 70° C. If the drying is per-
formed in vacuum the temperature is lower.

Step IX

[0081] The cross-linking via heat-treatment is carried out
as already described above for step VIa. The same applies for
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the enzymatic treatment, which is, however, preferably car-
ried out in solution/suspension.

Manufacture of the (Modified) Rice Endosperm Protein

[0082] The present invention is also directed to a process
for the manufacture of a (modified) rice endosperm protein
starting from milled rice, whereby the rice bran was removed
before milling, comprising the following steps a) to e) with
the proviso that at least one of the steps b), ¢) and d) is carried
out:

[0083] a) preparing an aqueous solution or suspension of
milled rice, whereby the rice bran was removed before mill-
ing, whereby the solution or suspension preferably has a dry
mass content of from 0.1 to 30 weight-%, preferably from 10
to 15 weight-%, based on the total amount of the aqueous
solution or suspension;

[0084] b) optionally removing the non-protein part or the
protein part of the milled rice, whereby the rice bran was
removed before milling, to obtain the rice endosperm protein;
[0085] c¢) optionally modifying the protein part of the
milled rice, whereby the rice bran was removed before mill-
ing, to obtain modified rice endosperm protein;

[0086] d) optionally isolating the (modified) rice
endosperm protein;

[0087] e) optionally converting the (modified) rice
endosperm protein into a solid form.

[0088] In the context of the present invention “rice
endosperm protein” means especially the product obtained by
performing either steps a) and b); or steps a) and d); or steps
a), b) and e); or steps a), b) and d); or steps a), d) and e); or
steps a), b), d) and e). Preferred are the embodiments where
steps a) and b) (and d) and/or e)) are performed, especially
preferred are the embodiments where steps a), b) and d) (and
e)) are performed.

[0089] In the context of the present invention “modified
rice endosperm protein” means especially the product where
step c) is carried out, i.e. the product obtained by performing
either steps a) and ¢); or steps a), b) and ¢); or steps a), ¢) and
d); or steps a), ¢) and e); or steps a), b) ¢) and d); or steps a),
¢), d) and e); or steps a), b), ¢) and e); or steps a), b), ¢), d) and
e).

[0090] The modified rice endosperm protein (and its pref-
erences) are more preferred than the rice endosperm protein.
Most preferred is the product obtained by performing steps a),
b), ¢) and d) (and e)).

Step a)

[0091] Milled rice, where the rice bran was removed before
milling, is also known under the expression “rice flour”.
[0092] This step is simply performed by adding water to the
rice flour or vice versa, optionally by stirring vigorously (with
a mechanical stirrer) until the rice flour is completely dis-
persed, or by homogenizing the rice flour suspension with a
homogenizer, e.g. for 5 minutes at room temperature.

Step b)
Removing of the Non-Protein Part

[0093] Step b) may preferably be achieved by treating the
rice flour with non-protein degrading enzymes, e.g. with a
0.5% aqueous suspension of Termamyl® at a temperature of
90° C. for 2 hours and then with a 0.1% aqueous suspension
of a cellulase at a temperature of 50° C. for 30 minutes—
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without any pH adjustment (pH 6-7), deactivating the
enzymes, separating and removing the non-protein part from
the protein part of the rice flour.

[0094] Preferred examples of non-protein degrading
enzymes are starch-degrading enzymes such as a-amylases
and cellulases, i.e. cellulose-degrading enzymes, and mix-
tures thereof. A preferred example of an a-amylase is Ter-
mamyl® 120, Type L, commercially available from Novo
Nordisk Biochem, North America, Inc., USA. Other pre-
ferred examples are Liquzyme® Supra, commercially avail-
able from Novo Nordisk Biochem, North America, Inc.,
USA, Amylase S “Amano” 35 G, commercially available
from Amano Pharmaceutical Co. Ltd., Nagoya, Japan, Mul-
tifect Cellulase, commercially available from Genencor
International, Inc., USA, and Cellulase T “Amano” 4, com-
mercially available from Amano Pharmaceutical Co. Ltd.,
Nagoya, Japan.

[0095] The reaction of the enzymes can be stopped by
neutralising the solution or suspension if an inorganic acid
(e.g. hydrochloric acid) or an organic acid (e.g. citric acid) or
base is used or by heating to denature the enzymes.

[0096] The denaturation may be achieved by heating the
solution to a temperature of from 80 to 95° C., preferably to a
temperature of from 80 to 85° C. (especially at a low pH of
from 3.5 t0 4.5) for 10 to 15 minutes. Afterwards the solution
may be cooled to 50° C.

[0097] The separation of the non-protein part may be
achieved by centrifugation (5000 g for 15 minutes) (whereby
the non-protein part is in the water phase), followed by wash-
ing with deionized water. The rice endosperm protein remains
in pellets.

Removing of the Protein Part

[0098] Alternatively a so-called “alkaline extraction” or a
so-called “salt-extraction” may be performed before the cen-
trifugation or filtration.

[0099] “Alkaline extraction” means that first the pH of the
solution or suspension of the rice flour is adjusted to a value of
from 7 to 12, preferably to a value of from 8 to 10, more
preferably to a value of about 9, with an alkali solution (e.g. an
aqueous NaOH solution) at 40 to 60° C. for 3 hours.

[0100] In cases where the protein yield is more important
than the protein functionality it may be advantageous to
adjust the pH preferably to a value of from 8 to 12, more
preferably of from 9 to 12, even more preferably from 10 to
12.

[0101] Preferably such a base has a concentration of about
0.1to 5 M, preferably ofabout 0.5 to about 2 M. The base may
be an inorganic base. Examples of inorganic bases are (earth)
alkali hydroxides such as sodium hydroxide (preferred),
potassium hydroxide and calcium hydroxide.

[0102] A “salt-extraction” is similar to an “alkali-extrac-
tion”, but in addition to the base a salt such as sodium chloride
is used. In a preferred embodiment of the invention an aque-
ous 0.08 M sodium chloride solution (adjusted to pH 11 with
NaOH) is used as the extracting solvent.

[0103] Inboth cases (alkaline or salt extraction) the protein
part is transferred to the water phase. The protein part may be
separated then by centrifugation or filtration from the non-
protein part.

Step ¢)

[0104] The modification of the rice flour may be achieved
by treating it(s protein part) with (commercially available)
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food grade alkaline, neutral and/or acid proteases. For some
proteases the enzyme specifications and the optimum condi-
tions are given in the examples.

[0105] The proteases may be from bacteria or fungi, as well
as from fruit or may have animal origin.

[0106] Examples of alkaline proteases are the commer-
cially available Alkalase® (Novo Nordisk Biochem, Fran-
klinton, N.C., USA), Alkaline Protease® (Enzyme Develop-
ment Corporation, New York, N.Y., USA), Protex 6L®
(Genencor® Bacterial Alkaline Protease, Genencor Interna-
tional, Inc., Rochester, N.Y., USA) and Genencor® Protease
899 (Genencor International, Inc., Rochester, N.Y., USA).

[0107] Examples of neutral proteases are the commercially
available Bromelain® (Enzyme Development Corporation,
New York, N.Y., USA), Liquipanol® (Enzyme Development
Corporation, New York, N.Y., USA) and bacterial neutral-
protease (Genencor International, Inc., Rochester, N.Y,,
USA). A further example of a neutral protease is the commer-
cially available Collupilin® of DSM Food Beverages, Delft,
Netherlands, produced from Carica papaya, a plant, i.e. an
enzyme of fruit origin.

[0108] Examples of acid proteases are pepsin (Sigma,
USA) and Acid protease (Amano Pharmaceutical Co. Ltd.,
Nagoya, Japan).

[0109] In a preferred embodiment of the process of the
present invention the protein part of the rice flour is treated
subsequently by two different alkaline proteases ata pH range
of from 7 to 10 for 10 to 80 minutes at 40 to 60° C.

[0110] Preferably one ofthese proteases is a serine specific
protease such as Alkalase®, Protex 6L.® or Alkaline Pro-
tease® and the other is a cysteine specific protease such as
Liquipanol® or Bromelain®.

[0111] The step may also be modified by not adding the
enzyme(s) at once but by adding them (subsequently or
simultaneously) portion wise.

[0112] Step c¢) may also be performed after step d), i.e. first
the rice endosperm protein is isolated and then it is modified.

Step d)

[0113] Step d) is preferably carried out by centrifugation
and/or filtration, preferably by ultrafiltration. The ultrafiltra-
tion may be carried out without prior centrifugation.

[0114] After enzyme inactivation, the hydrolyate may be
preferably centrifuged atlow speed (1000 g for 10 minutes) to
separate insoluble proteins and impurities.

[0115] The soluble fractions of the protein hydrolysates
may then be filtered through Whatman #4 filter paper and the
filtrate be subjected to a sequential ultrafiltration (UF) and
diafiltration (DF) with membranes with a molecular weight
cut-off (MWCO) of =5 kDa, preferably with membranes
with a molecular weight cut-off  MWCO) of 230 kDa, more
preferably with membranes with a molecular weight cut-off
(MWCO) of 250kDa, most preferably with membranes with
a molecular weight cut-off (MWCO) of from 50 to 750 kDa.

[0116] Ultrafiltration and diafiltration may be performed at
room temperature with an inlet pressure of from 20 to 25 psi
and an outlet-pressure of 10 psi. The solution may then be
ultrafiltrated to a concentration factor of 5. Immediately after
ultrafiltration, the retenate may be diafiltrated two times with
twice the volume of deionized water. During ultrafiltration
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and diafiltration the pH of the solution may be maintained
between pH 8.0 and 9.0 in order to keep the protein soluble.

Step e)

[0117] The conversion into a solid form, e.g. a dry powder,
can be achieved by any drying method known to the person
skilled in the art. Preferred are spray drying or freeze-drying.
Spray drying is preferably performed at an inlet temperature
of'about 200° C. to about 210° C. and at an outlet temperature
of'about 70° C. to about 75° C. The freeze-drying is prefer-
ably performed at a temperature of from about -20° C. to
about -50° C. for 10 to 48 hours.

[0118] An object of the present invention is also the (modi-
fied) rice endosperm protein obtainable by any process as
described above.

INDUSTRIAL APPLICABILITY

[0119] The present invention is directed to the use of a
composition as described above for the enrichment, fortifica-
tion and/or coloration of food, beverages, animal feed, per-
sonal care or pharmaceutical compositions, as well as to the
food, beverages, animal feed, personal care and pharmaceu-
tical compositions containing such a composition as
described above themselves.

[0120] The present invention is also directed to food, bev-
erages, animal feed, personal care and pharmaceutical com-
positions containing a (modified) rice endosperm protein as
described above, as well as to the use of such a (modified) rice
endosperm protein, preferably such as described above, as
protective hydrocolloid for active ingredients, especially fat-
soluble active ingredients and/or colorants.

[0121] Animals including humans in the context of the
present invention encompass besides humans especially farm
animals such as sheep, cow, horses, poultry broiler and egg
pigmentation), shrimps and fish (especially salmon and rain-
bow trout) as well as pets such as cat, dogs, birds (e.g. fla-
mingos) and fish.

[0122] Beverages wherein the compositions of the present
invention can be used, especially as a colorant or a functional
ingredient, can be carbonated beverages e.g., flavoured selt-
zer waters, soft drinks or mineral drinks, as well as non-
carbonated beverages e.g. flavoured waters, fruit juices, fruit
punches and concentrated forms of these beverages, They
may be based on natural fruit or vegetable juices or on artifi-
cial flavours. Also included are alcoholic beverages and
instant beverage powders. Besides, sugar containing bever-
ages, diet beverages with non-caloric and artificial sweeten-
ers are also included.

[0123] Further, dairy products, obtained from natural
sources or synthetic, are within the scope of the food products
wherein the compositions of the present invention can be
used, especially as a colorant or as a functional ingredient.
Typical examples of such products are milk drinks, ice cream,
cheese, yoghurt and the like. Milk replacing products such as
soymilk drinks and tofu products are also comprised within
this range of application.

[0124] Also included are sweets which contain the compo-
sitions of the present invention as a colorant or as a functional
ingredient, such as confectionery products, candies, gums,
desserts, e.g. ice cream, jellies, puddings, instant pudding
powders and the like.

[0125] Also included are cereals, snacks, cookies, pasta,
soups and sauces, mayonnaise, salad dressings and the like
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which contain the compositions of the present invention as a
colorant or a functional ingredient, Furthermore, fruit prepa-
rations used for dairy and cereals are also included.

[0126] The final concentration of the (fat-soluble) active
ingredient and/or the colorant which is added via the compo-
sitions of the present invention to the food products may be
from 0.1 to 500 ppm, particularly from 1 to 50 ppm, based on
the total weight of the food composition and depending on the
particular food product to be coloured or fortified and the
intended grade of coloration or fortification.

[0127] The food compositions of this invention are prefer-
ably obtained by adding to a food product the (fat-soluble)
active ingredient and/or the colorant in the form of a compo-
sition of this invention. For coloration or fortification of a
food or a pharmaceutical product a composition of this inven-
tion can be used according to methods per se known for the
application of water dispersible solid compositions of the
present invention.

[0128] In general the composition may be added either as
an aqueous stock solution, a dry powder mix or a pre-blend
with other suitable food ingredients according to the specific
application. Mixing can be done e.g. using a dry powder
blender, a low shear mixer, a high-pressure homogeniser or a
high shear mixer depending on the formulation of the final
application. As will be readily apparent such technicalities are
within the skill of the expert.

[0129] Pharmaceutical compositions such as tablets or cap-
sules wherein the compositions are used as a colorant are also
within the scope of the present invention. The coloration of
tablets can be accomplished by adding the compositions of
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[0131] Animal feed products such as premixes of nutri-
tional ingredients, compound feeds, milk replacers, liquid
diets or feed preparations wherein the compositions are either
used as a colorant for pigmentation e.g. for egg yolks, table
poultry, broilers or aquatic animals (especially shrimps,
salmon, rainbow trout) or as an active ingredient are also
within the scope of the present invention.

[0132] Personal care compositions: Cosmetics, toiletries
and derma products i.e. skin and hair care products such as
creams, lotions, baths, lipsticks, shampoos, conditioners,
sprays or gels wherein the compositions are used as a colorant
or as an active ingredient are also within the scope of the
present invention.

[0133] The present invention is further illustrated by the
following examples.

EXAMPLES

[0134] The following abbreviations are used:
UF=ultrafiltration

DF=diafiltration

DH=degree of hydrolysis

DI water=deionized water

MWCO=molecular weight cut off

SDS=sodium dodecyl sulfate

[0135] Rice flour was obtained from Riceland Foods (Stut-
tgart, Ark.). The following food grade enzymes were used in
isolating protein. (1) Termamyl—Heat stable alpha-amylase,
Novo Nordisk Biochem, North America, Inc, USA, (3) Mul-
tifect Cellulase—Fungal Cellulase, 2,000 1U/g, Genencor
International, Inc., USA. Food grade proteases with the fol-
lowing specifications were used (Table 1a & 1b).

TABLE 1la

Enzyme specification I

Type of
Enzyme protease Source Preferential specificity
Protex 6L Serine Bacillus Hydrolysis of proteins with broad
Protease licheniformis specificity for peptide bonds
Bromelain Cysteine Pineapple Broad specificity, but strong preference
Protease stem for Arg-Arg in peptides
Alkalase Serine Bacillus Broad specificity, and a preference for a
Protease licheniformis large uncharged residue’s carboxyl sites
Liquipanol  Cysteine Concentrated Broad specificity
Protease papain
Alkaline Serine Bacterial Hydrolysis of proteins with broad
protease Protease protease specificity for peptide bonds
Pepsin Aspartic Porcine The C-terminal side of tyrosine,
Protease stomach phenylalanine, and tryptophan residues
the present invention in form of a liquid or solid colorant
composition separately to the tablet coating mixture or by TABLE 1b
adding a colorant composition to one of the components of
the tablet coating mixture. Coloured hard or soft-shell cap- Enzyme specification II
sules can be prepared by incorporating a colorant composi- .
. . . Enzymes pH-range Activity/g Company
tion in the aqueous solution of the capsule mass.
[0130] Pharmaceutical compositions such as tablets such Protex 6L 6-10 580000 Genencor International, Inc.,
as chewable tablets, effervescent tablets or filmcoated tablets Rochester, NY 14618, USA
. Bromelain 5-8 150 000 Enzyme Development Corporation,
or capsules such as hard shell capsules wherein the compo-

.. d . . di 1 ithin th New York, NY 10001, USA.
sitions are used as an .actlve.lngre lent are a SO within the Alkalase 6-9 2.4 AU Novo Nordisk Biochem, Franklinton,
scope of the present invention. The compositions of the NC 27525, USA
present invention are typically added as powders to the tablet- Liquipanol 5-8 125000 Enzyme Development Corporation,

ing mixture or filled into the capsules in a manner per se
known for the production of capsules.

New York, NY 10001, USA.



US 2009/0258954 Al

TABLE 1b-continued

Enzyme specification IT

Enzymes pH-range Activity/g Company

Alkaline 6-9 175 000 Enzyme Development Corporation,

protease New York, NY 10001, USA.
SUMMARY

[0136] Experiments were conducted with optimization of

isolating rice endosperm proteins by alkali, salt, and enzy-
matic methods and evaluating them for their extractability
and physicochemical and functional properties. The objec-
tives were to optimize the extraction process, and evaluate the
physicochemical properties of the extracts in order to identify
the optimum extraction methods for improved rice protein
functionality.

[0137] Rice protein isolates were prepared by chemical and
enzymatic methods. Preliminary trials were conducted to
optimize the extraction conditions of protein with maximum
yield and protein content. Examples of the procedures of
chemical and enzymatic methods are given in FIG. 1 of rice
protein isolate preparation RP, and for rice protein isolate
preparation RP;;) by Termamyl® treatment at 90° C. fol-
lowed by cellulase treatment in FIG. 2.

Isolation of the (Modified) Rice Endosperm Protein by Fil-
tration

[0138] The ultrafiltration experiments were carried out
with a Romicon ultrafiltration system (Koch membrane sys-
tems, USA) equipped with 1" diameter Hollow-fiber Polysul-
fone membrane cartridges. The soluble fractions of (modi-
fied) rice endosperm protein were filtered through Whatman
#4 filter paper and the filtrate was subjected to a sequential
ultrafiltration with membrane-cartridges having nominal
molecular weight cut oft MWCO) 0 50, 30, 10, and 5 kDa. In
each MWCO cartridges, the solution was ultrafiltrated at a
concentration factor of 5. Immediately after ultrafiltration,
the retenate was diafiltrated two times with twice the volume
of deionized water. The permeates of the first (50 kDa) ultra-
filtration (UF) and diafiltrations (DF) were pooled and sub-
jected to next MWCO (30 kDa) UP & DF. The resulted
retenates from each of the MWCO cartridges were freeze-
dried and evaluated for DH, solubility & emulsifying prop-
erties,

(A) Protein Extraction
Example 1

Isolation of the Rice Endosperm Protein by Alkaline
Extraction (“Chemical Extraction™)

Example 1-1
REP 1-1

[0139] Fivehundred grams of rice flour were homogenized
with 4 L deionized water (1:8, w/v) in a blender for 5 minutes
at setting 6 (Virtishear Tempest, The Virtis Co., Gardiner,
N.Y.,U.S.A.) atroom temperature. The slurry was adjusted to
pH 11.0 using 1 N NaOH, and the suspension was stirred for
3 hours at 40° C. The solubilized protein in the solution was
separated by centrifugation (5,000 g, 20 minutes). This pro-
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cedure was repeated once again to extract more from the
residue. Proteins in combined supernatants of first and second
extractions were isoelectrically precipitated at pH 4.5 and
kept for 2 hours at 4° C. The precipitate was recovered by
centrifugation at 10,000 g for 20 minutes, washed twice with
deionized water (1:4, w/v, pH 4.5), adjusted to pH 7.0, freeze
dried, and stored at 5° C.

Alternative Example 1-2
REP 1-2

[0140] 5 Kgrice flour was homogenized with 40 L. of deion-
ized water (1:8, w/v), and the pH of the slurry was adjusted to
pH 1 1 by adding 3 N NaOH, and the suspension was stirred
for 3 hours at 40° C. The solubilized protein in the solution
was separated by centrifugation (5000 g, 15 min). This pro-
cedure was repeated one more time to extract more from the
residue. Proteins in the combined supernatants of first and
second extractions were isoelectrically precipitated at pH 4.5
and kept for 2 hours at 4° C. The precipitate was recovered by
centrifugation at 5000 g for 20 min, washed twice with deion-
ized water (1:4, w/v, pH 4.5), adjusted to pH 7.0, and stored at
5°C.

Alternative Example 1-3

REP 1-3

[0141] One kilogram of rice flour was homogenized with 8
L deionized water (1:8, w/v) in a homogenizer (Virtishear
Tempest, The Virtis Co., Gardiner, N.Y., U.S.A.) for 5 min.
The pH of the slurry was adjusted to 11 using 1 N NaOH and
the suspension was stirred for 3 h at 40° C. The solubilized
protein in the solution was separated by centrifugation (2000
g, 15 min). This procedure was repeated to extract additional
protein from the residue. Proteins in combined supernatants
of first and second extractions were isoelectrically precipi-
tated at pH 4.5 and kept at 4° C. for 1 h. The precipitate was
recovered by centrifugation at 5000 g for 20 min, washed with
deionized water (1:4, w/v, pH 4.5), adjusted to pH 7.0, freeze
dried (RP,) and stored at 5° C. (FIG. 1).

Example 1-4
REP 14

[0142] Isolation of the rice endosperm protein by salt
extraction Salt extraction of rice protein (RP;) was similar to
the above alkali method (see REP 1-3) but a combined solu-
tion of 0.08 M sodium chloride (adjusted to pH 11 with
NaOH) was used as the extracting solvent.

Example 2

Isolation of the Rice Endosperm Protein by Enzy-
matic Degradation of the Non-Protein Part (“Enzy-
matic Extraction™)

Example 2-1
REP 2-1

[0143] Five hundred grams of nice flour were dispersed in
3 L distilled water (1:6, w/v). The rice flour-water was stirred
for 15 minutes at 40° C. to form a slurry. The slurry was
treated with 0.5% alpha-amylase and the temperature was
gradually raised to 90° C. and incubated for 2 hours at 90° C.
Solubilized starch was removed by centrifugation at 5,000xg
for 15 minutes at 20° C. The residue was again mixed with 1.5
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L deionized water and treated with 0.1% cellulase and incu-
bated at 50° C. for 30 minutes. The enzymes were inactivated
by lowering the pH to 3.5 at 90° C. Solubilized starch and
cellulose fractions were removed by centrifugation at 5000xg
for 15 minutes. The precipitated protein was washed twice
with warm deionized water to remove soluble sugar and
remaining enzyme, adjusted to pH 7.0, freeze-dried, and
stored at 5° C.

Alternative Example 2-2
REP 2-2

[0144] 5 Kgofrice flour was homogenized with30 L deion-
ized water and stirred for 15 mm at 60° C. The slurry was
treated with 0.2% Termamyl, and the temperature was gradu-
ally raised to 90° C. and incubated at that temperature for 2
hours. The solubilized starch was removed by filtering with
cheese cloth, The pellet was again mixed with 15 L. deionized
water, and incubated with 0.1% pectinase at 50° C. for 30 min,
and added another 0.1% enzyme Termamyl. The temperature
was gradually raised to 90° C. and incubated at that tempera-
ture for 30 min. The enzymes were inactivated by lowering
the pH to 5.0 at 90° C. The solubilized cell wall components
and residual starch were removed by filtering with cheese
cloth. The protein pellet was washed twice with warm deion-
ized water to remove remaining soluble sugars and enzymes,
adjusted to pH 7.0, stored at 5° C.

Alternative Example 2-3
REP 2-3

[0145] One kilogram of rice flour was homogenized with 6
L deionized water and stirred for 15 min at 60° C. The slurry
was treated with 0.5% Termamyl, and the temperature was
gradually raised to 90° C. and incubated at that temperature
for 2 h. The solubilized starch was removed by centrifugation
(5000 g, 15 min). The pellet was again mixed with 3 L.
deionized water and incubated with 0.1% cellulase at 50° C.
for 30 min. The enzymes were inactivated by lowering the pH
to 4.5 at 90° C., Then a solubilized cellulose fraction was
removed by centrifugation. The precipitated protein was
washed twice with warm deionized water to remove soluble
sugar and remaining enzyme, adjusted to pH 7.0, freeze-dried
(RPz7), and stored at 5° C. (FIG. 2).

Alternative Example 2-4
REP 2-4

[0146] TheamylaseS (RP.,)extraction was essentially the
same as the Termamyl method (see REP 2-3) except that
amylase S was used instead of Termamyl, The amylase S has
an optimum activity at 70° C., providing a milder extraction
condition than the Termamyl method working at 90° C. The
moisture, protein, starch, fiber, fat, and ash contents of the
protein isolates were determined as disclosed in Approved
Methods of the American Association of Cereal Chemists, 87
Ed., Vol. 2, AACC, St. Paul, Minn., 1990, p 1-2; Method
46-08.

(B) Protein Modification

Example 3

Modification of Alkali-Extracted Rice Endosperm
Protein by Protease (REP 3-1 to 3-8)

Detailed Description for Preparation of REP 3-1 to REP 3-5
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[0147] Alkali extracted rice endosperm protein isolate REP
1-1 was subjected to protease treatment. The protein was
mixed with deionized water (1:12.5, w/v), homogenized,
adjusted to the optimum pH of each enzyme, and stirred at 50°
C. for 10 minutes. The dispersion was treated with food grade
proteases under optimized conditions of each enzyme. The
optimized conditions for each enzyme are given in Table 2.
Proteases of commercial food grade (Bromelain (REP 3-1),
Protex 6L (REP 3-2), pepsin (REP 3-3), Alkalase (REP 3-4),
and Liquipanol (REP 3-5)), were used to improve the solu-
bility and functional properties. The degree of hydrolysis of
the resulting hydrolysates has been optimized by OPA
method (Nielsen et al, Journal of Food Science 2001, 66(5),
642-646) to maximize the functional properties. The enzy-
matic-reactions were terminated at required DH by the spe-
cific inactivation conditions of each enzyme. The hydrolyzed
products were spray dried and stored at 5° C.

TABLE 2

The optimum enzyme conditions used in protein hydrolysis

Amount of
Enzyme [weight-

%, based on Temperature Time

Enzyme protein weight] pH [°C.] [minutes]
Liquipanol 1.0 8.0 50 60
Bromelain 1.0 7.0 50 60
Alkalase 1.0 9.0 60 60
Protex 6L 1.0 10.0 60 60
Pepsin 0.5 3.0 37 30
[0148] FIG. 4 shows the hydrolysis profiles of the rice

endosperm protein treated with Alkalase, Liquipanol or Pep-
sin as a function of the hydrolysis time.

[0149] FIG. 7 shows the molecular size profiles of rice
proteins and hydrolysate produced by treatment with pepsin,
liquipanol, and alcalase determined by SDS PAGE gel elec-
trophoresis.

Lane 1—Standard marker;

Lane 2—Rice protein (control);

Lane 3—Pepsin 2.2% DH;
Lane 4—Pepsin 6.5% DH;
Lane 5—Liquipanol 3.9% DH;
Lane 6—Liquipanol 10.5% DH;

[0150] Lane 7—alcalase 7.7% DH;

Lane 8—alcalase 14.7% DH.

[0151] FIG. 8 shows the molecular size profiles of alcalase
treated rice protein hydrolysate determined by SDS PAGE gel
electrophoresis;

Lane 1—Standard marker;

Lane 2—Rice protein (control);

Lane 3—alcalase 5.2% DH;

Lane 4—alcalase 7.7%;

Lane 5—alcalase 11.2%;

Lane 6—alcalase 13.5%;

Lane 7—alcalase 14.7% DH.

Detailed Description for Preparation of REP 3-6, 3-7, and 3-8
[0152] REP 1-2 was used for the preparation of REP 3-6,
REP 3-7 and REP 3-8 instead of REP 1-1 as in examples REP
3-1, REP 3-2, REP 3-3, REP 3-4 and REP 3-5.

REP 3-6

[0153] Alkali extracted rice protein isolate REP 1-2 was
homogenized with DI water (8% w/v) and, adjusted to pH 8.0.
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The protein solution was treated with 1% alcalase at 5° C. for
3.5 min. The enzyme was inactivated at 70° C. at pH 5.0 for 15
minutes. The protein hydrolysate (EP 3-6) was spray dried
and stored at 5° C.

REP 3-7

[0154] Alkali extracted rice protein isolate REP 1-2 was
homogenized with DI water (8% w/v) and, adjusted to pH 8.0.
The protein solution was treated with 1% alcalase at 50° C. for
7.5 min. The enzyme was inactivated at 70° C. at pH 5.0 for 15
minutes. The protein hydrolysate (REP 3-7) was spray dried
and stored at 5° C.

REP 3-8

[0155] Alkali extracted rice protein isolate REP 1-2 was
homogenized with DI water (8% w/v) and, adjusted to pH 8.0.
The protein solution was treated with 1% alcalase at 50° C. for
11 minutes. The enzyme was inactivated at 70° C. at pH 6.0
for 15 minutes. The protein hydrolysate (REP 3-8) was spray
dried and stored at 5° C.

Example 4

Modification of Alkali-Extracted Rice Endosperm
Protein by Two Type Proteases (REP 4)

[0156] Alkali extracted rice endosperm protein isolate
(REP 1) was subjected to a combined treatment with serine
and cysteine protease. The protein was mixed with deionized
water (1:12.5, w/v), homogenized, adjusted to pH 9.0 and
stirred at 60° C. for 10 minutes. The dispersion was treated
with food grade Alkalase 2.4 I (0.5%) and incubated at 60° C.
for 15 minutes. Then the Liquipanol (0.5%) was added to the
reaction mixture and incubated at 50° C. for 15 minutes. The
enzymatic-reactions were terminated at 80° C. for 10 minutes
and the modified rice endosperm protein was spray dried and
stored at 5° C.

Example 5

Modification of Alkali-Extracted Rice Endosperm
Protein by Protease and Subsequent Ultra- and Dia-
filtration of said Modified Rice Endosperm Protein

(REP 5)

[0157] Alkali extracted rice endosperm protein isolate
(REP 1) was subjected to extended hydrolysis by a combined
treatment with serine and cysteine protease: The protein was
mixed with deionized water (1:12.5, w/v), homogenized,
adjusted to pH 9.0 and stirred at 60° C. for 10 minutes. The
dispersion was treated with food grade Alkalase 2.4 L. (0.5%)
and incubated at 60° C. for 60 minutes. Then the Liquipanol
(0.5%) was added to the reaction mixture and incubated at 50°
C. for 60 minutes. The enzymatic-reactions were terminated
at 80° C. for 10 minutes. The thus modified rice endosperm
protein was filtered through Whatman #0.5 filter paper. The
filtrate was subjected to ultrafiltration with a MWCO of 50
kDa Hollow-fiber Polysulfone membrane-cartridge equipped
in a Romicon ultrafiltration system (Koch membrane sys-
tems, USA) with a capacity of 2-10 L. The solution was
ultrafiltrated at a concentration factor of 10. Immediately
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after ultrafiltration, the residue was diafiltrated two times with
twice the volume of deionized water. The resulted residues
were spray-dried.

Example 6

Isolation of the Rice Endosperm Protein by Enzy-
matic Degradation of the Non-Protein Part, Modifi-
cation of said Rice Endosperm Protein by Treatment
with a Protease and Subsequent Ultra- and Diafiltra-
tion of said Modified Rice Endosperm Protein (REP

6-1 to REP 6-5)

REP 6-1

[0158] Enzymatically extracted rice endosperm protein
isolate obtained in example 2 (REP 2-1) was subjected to
extended hydrolysis by a combined treatment with a serine
and a cysteine protease: The protein was mixed with deion-
ized water (1:12.5, w/v), homogenized, adjusted to pH 9.0
and stirred at 60° C. for 10 minutes. The dispersion was
treated with food grade Alkalase 2.4 L. (0.5%) and incubated
at 60° C. for 60 minutes. Then the Liquipanol (0.5%) was
added to the reaction mixture and incubated at 50° C. for 90
minutes. The enzymatic-reactions were terminated at 80° C.
for 10 minutes. The hydrolyate was centrifuged at low speed
(1000 g for 10 minutes) to separate insoluble proteins and
impurities. The is soluble portion of the modified rice
endosperm protein were filtered through Whatman #4 filter
paper and subjected to ultrafiltration with a MWCO of 50
kDa. The solution was ultrafiltrated at a concentration factor
of 10. Immediately after ultrafiltration, the retenate was dia-
filtrated two times with twice the volume of deionized water,
During the process of enzymatic hydrolysis, centrifugation,
and in ultrafiltration the pH of the (modified) rice endosperm
protein was maintained at 8.0 in order to keep the protein
soluble. The resulting retentates were spray-dried (REP 6-1).

Detailed Description for Preparation of REP 6-2

[0159] Enzymatically extracted rice endosperm protein
isolate obtained in example 2 (REP 2-2) was subjected to
alcalase treatment. The protein isolate was mixed with DI
water (4%), homogenized, adjusted to pH 9.0 and stirred at 5°
C. for 10 min. The dispersion was treated with alcalase 2.4 L.
(1%) and the mixture was incubated at 50° C. for 8 min. The
enzymatic-reactions were terminated at 70° C. for at pH 5.0
for 15 min. The hydrolysate was centrifuged at low speed
(1000 rpm, i min) to remove insoluble proteins and impuri-
ties. The soluble portion of the hydrolysates was subjected to
ultrafiltration with 10 kDa MWCO membrane. The solution
was ultrafiltrated to a concentration factor of 5. The resulted
retentate (>10 kDa) was spray-dried and stored at 5° C. (REP
6-2).

Detailed Description for Preparation of REP 6-3

[0160] Enzymatically extracted rice endosperm protein
isolate obtained in example 2 (REP 2-2) was subjected to
alcalase treatment. The protein isolate was mixed with DI
water (4%), homogenized, adjusted to pH 9.0 and stirred at
50° C. for 10 min. The dispersion was treated with alcalase
2.4 L (1%) and the mixture was incubated at 50° C. for 12
min. The enzymatic-reactions were terminated at 70° C. for at
pH 5.0 for 15 min. The hydrolysate was centrifuged at low
speed (1000 rpm, 1 min) to remove insoluble proteins and
impurities. The soluble portion of the hydrolysates was sub-
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jected ultrafiltration with 10 kDa MWCO membrane. The
solution was ultrafiltrated to a concentration factor of 5. The

resulted retentate (>10 kDa) was spray-dried and stored at 5°
C. (REP 6-3).

Detailed Description for Preparation of REP 6-4

[0161] Enzymatically extracted rice endosperm protein
isolate obtained in example 2 (REP 2-2) was subjected to
alcalase treatment. The protein isolate was mixed with DI
water (4%), added sodium metabisulfite (20-mg/g protein),
homogenized, adjusted to pH 9.0 and stirred at 50° C. for 10
min. The dispersion was treated with alcalase 2.4 L. (1%) and
the mixture was incubated at 50° C. for 8 min. The enzymatic-
reactions were terminated at 70° C. for at pH 5.0 for 15 min.
The hydrolysate was centrifuged at low speed (1000 rpm, 1
min) to remove insoluble proteins and impurities. The soluble
portion of the hydrolysates was subjected to ultrafiltration
with 10 kDa MWCO membrane. The solution was ultrafil-
trated to a concentration factor of 5. The resulted retentate
(>10 kDa) was spray-dried and stored at 5° C. (REP 6-4).

Detailed Description for Preparation of REP 6-5

[0162] Enzymatically extracted rice endosperm protein
isolate obtained in example 2 (REP 2-2) was subjected to
alcalase treatment. The protein isolate was mixed with DI
water (4%), added sodium metabisulfite (10-mg/g protein),
homogenized, adjusted to pH 9.0 and stirred at 50° C. for 10
min. The dispersion was treated with alcalase 2.4 L. (1%) and
the mixture was incubated at 50° C. for 30 min. The enzy-
matic-reactions were terminated at 70° C. for at pH 5.0 for 15
min. The hydrolysate was centrifuged at low speed (1000
rpm, 1 min) to remove insoluble proteins and impurities. The
soluble portion of the hydrolysates was subjected to ultrafil-
tration with 10 kDa MWCO membrane. The solution was
ultrafiltrated to a concentration factor of 5. The resulted reten-
tate (>10 kDa) was spray-dried and stored at 5° C. (REP 6-5).

(C) Pepsin Assisted Rice Protein Extraction
Followed by Ultrafiltration

Example 7

Modification of the Rice Endosperm Protein by an
Acid Protease and Subsequent Ultrafiltration of Said
Modified Rice Endosperm Protein (REP 7)

[0163] Fivehundred grams of rice flour were homogenized
with 3 L deionized water (1:6, w/v) in a blender for 5 minutes
at room temperature. The slurry was adjusted to pH 2.4 using
3 N HC, and the suspension was stirred for 30 minutes at 37°
C. The slurry was treated with 0.44% pepsin and incubated at
37° C. for 130 minutes, The solubilized modified rice
endosperm protein in the solution was separated by centrifu-
gation (5,000 g, 20 minutes). The residual rice flour was
mixed with 500 ml deionized water and the soluble portion
was separated by centrifugation to extract more from the
residue. Proteins in combined supernatants of first and second
extractions were subjected to ultrafiltration using a mem-
brane with a MWCO of 50 kDa as described in example 5.
The combined UF & DE excluded the small protein frag-
ments and other impurities effectively.

(D) Analytical Methods
Example 8
Determination of the Emulsion Capacity

[0164] The emulsion capacity of the (modified) rice
endosperm protein was determined according to the method
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of Gbogouri et al, Journal of Food Science 2004, Vol. 69, Nr.
8, 615, based on oil titration. Dispersions (0.1% w/w, 50 my,
pH 7.0) of the (modified) rice endosperm protein were pre-
pared in deionized water. The protein solution was homog-
enized with a homogenizer at setting 1 (Virtishear Tempest,
The Virtis Co., Gardiner, N.Y., U.S.A.). Corn oil was added
into the protein solution with a flow rate of about 17 g/min
using a peristaltic pump. The conductivity of the emulsion
was recorded continuously by a conductivity-Meter and used
as a parameter for the determination of the inversion point of
the emulsion. The amount of oil added to the inversion point
was used to calculate the emulsifying capacity. The emulsi-
fying capacity is expressed as the ratio of emulsified oil minus
the blank over the amount of proteins in sample. The blank
was the quantity of oil added before the phase inversion in 50
mL of deionized water.

[0165] Alternatively, the emulsion capacity of protein
hydrolysates REP 3-6, 3-7, 3-8, 6-2, 6-3, 6-4, 6-5) was deter-
mined according to the method of Vuillemard and others
based on oil titration. Protein dispersions (0.5% w/w, 40 L,
pH 7.0) were prepared in distilled water.

[0166] The protein solution was homogenized with homog-
enizer at setting 6 Virtishear Tempest, The Virtis Co., Gar-
diner, N.Y., U.S.A.). Corn oil was added into the protein
solution at about 12 g/min flow rate using a pump. The con-
ductivity of the emulsion was recorded continuously by a
conductivity-Meter and used as a parameter for the determi-
nation of the inversion point of the emulsion. The amount of
oil that added up to the inversion point was used to calculate
the emulsifying capacity. Emulsifying capacity is expressed
as the ratio of emulsified oil minus the blank over the amount
of'proteins in sample. The blank was the quantity of oil added
before the phase inversion in 40 mL distilled water

Example 9
Determination of the Emulsion Activity

[0167] The emulsion activity was determined by the turbi-
dimetric method of Pearce and Kinsella, Journal of Agric
Food Chem. 1978, 26:716-722. A mixture of 6 mLL of a 0.1%
solution of the (modified) rice endosperm protein in 10 mM
phosphate buffer of a pH of 7.0 and 2 mL of corn oil was
homogenized for 1 minute with a sonicator at setting 6 (Vir-
tishear Tempest, The Virtis Co., Gardiner, N.Y., U.S.A.). 50
microliters of the mixture were transferred into 5 mL of an
0.1% aqueous solution of SDS (w/v) 0 and 10 minutes after
the homogenization. The absorbance of the solution at 500
nm was determined with a spectrometer (Shimadzu Model
UV-1601, Kyoto, Japan). The absorbance at the time 0 after
homogenization is the emulsion activity of the (modified) rice
endosperm protein.

[0168] FIG. 9 shows the emulsifying properties of rice pro-
tein hydrolysates treated with Alkalase, Liquipanol and Pep-
sin as a function of the degree of hydrolysis.

Example 10
Determination of the Degree of Hydrolysis

[0169] The DH was determined by the method of Nielsen
and others (Nielsen, P. M., Petersen, D. & Dambmann, C.,
2001. Improved method for determining food protein degree
of'hydrolysis. Journal of Food Science, 66 (5), 642-646). The
o-phthaldialdehyde (OPA) reagent was prepared as follow:
7.620 g of di-sodium tetraborate decahydrate (Na,B,0,.
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10H,0) and 200 mg sodium dodecyl sulfate (SDS) were
dissolved in 150 nm t of deionized water and then mixed with
160 mg of OPA (97% OPA pre-dissolved in 4 mL of ethanol)
and 176 mg of 99% dithiothreitol (DTT). The final solution
was made up to 200 mL with deionized water. Freeze dried
protein sample of 0.1 g was solubilized in 10 mL deionized
water. To measure the absorbance, 3 mL of OPA reagents was
added to 10 mL tubes and then 400 pul. of sample solution,
serine standard (10 mg/100 ml) and deionized water was
added in four tubes for each sample, standard and blank,
respectively. This was followed by mixing for 5 and held for
exactly 2 min. Absorbance was read at 340 nm with a spec-
trophotometer (Shimadzu Model UV-1601, Kyoto, Japan).
The DH was calculated as follows.

[0170] DH=h/h,,,,,*100%;where his the number of hydro-
lyzed bonds and h,,,,,, is the total number of peptide bonds per
protein equivalent; h=(Serine-NH2-f)/c. equiv/g protein;
where h is the number of hydrolyzed bonds and h,,,; is the
total number of peptide bonds per protein equivalent; for
cereal protein o is 1.00, p is 0.40, and h,,,; is 8.0.

[0171]  Serine-NH2=[(Ajz405ampre=As4001ami) (Asa0smaara=

A 1051000]70.9516 meqv/L*0.01*100/(X*P); where serine-
NH2=meqv serine NH2/g protein; X=g sample; P=% protein
in sample; 0.01 is the sample volume in liter (U).

Example 11
Determination of the Protein and Total Solubility

[0172] Protein solubility was determined by the method of
Bera and Mukherjee (Bera, M. B., Mukheijee, R. K. 1989.
Solubility, emulsitying, and foaming properties of rice bran
protein concentrates. J Food Sci 54(1): 142-145) with some
modifications. 200 mg of protein sample was dispersed in 10
ml of deionized water, the pH was adjusted to 7.0 by 1 N HCl
or 1 N NaOH. The dispersion was stirred continuously for 30
min and centrifuged at 5000 rpm for 15 min. (model J2-21,
Beckman, Fullerton, Calif., U.S.A.). The supernatant was
recovered, and the protein content in the supernatant was
determined by the Automatic Kjeldahl method (AACC
1990). The percentage of protein solubility was calculated by
following equation:

i - Protein content of the supernatant
Protein Solubility (%) = — — x 100
Protein in 200 mg protein-isolate

[0173] The protein solubility was calculated as the percent
ratio of protein in the supernatant to that of the total protein in
the initial sample.

[0174] The total solubility was determined by oven drying
method, and expressed as the percent ratio of total soluble
portion of the supernatant to that of the total weight of the
protein isolate.

. Soluble portion of the supernatant
Total Solubility (%) = — x 100
200 mg protein-isolate

[0175] FIG. 6 shows the solubility of the rice endosperm
protein hydrolysates treated with Alkalase, Liquipanol or
Pepsin as a function of the degree of hydrolysis.
Example 12
Determination of Molecular Weights

[0176] The approximate molecular weights of the proteins
were determined by SDS-PAGE according to the method of
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Laemmli, U.K. Cleavage of structural proteins during the
assembly of the head of the bacteriophage T4. Nature 1970,
227, 680-686. The SDS-PAGE was carried out on a slab gel
(4% stacking gel, 12% separating gel) in an SDS-Tris-Gly-
cine discontinuous buffer system. Protein solutions (6-10 ng
protein/ul.) were prepared in non-reducing sample buffer
(62.5 mM Tris-HCI1 pH 6.8, 2% SDS, 10% glycerol, and
0.05% bromophenol blue). Twelve microliters of the solu-
tions were loaded onto the gel. Electrophoresis was per-
formed at a constant voltage of 200 V for approximately 40
min. The gel was stained by 0.1% Coomassie brilliant blue in
acetic acid/ethanol/water solution (10:40:50, v:v:v) and de-
stained in the same solvent without Coomassie brilliant blue.
The approximate molecular weights were determined by Bio-
Rad broad range molecular weight standards ranging from
6.5 t0 200 kDa. Molecular weights and density of bands were
determined by using image analysis software, windows Mac
& Dos, Advanced American Biotechnology & Biomedical
Instruments Inc, CA, USA.

Example 13
Determination of Surface Hydrophobicity

[0177] Surface hydrophobicity of the protein isolates was
determined by hydrophobic fluorescence probes of 1-anilino-
8-naphthalene sulfonate (ANS) from the method outlined by
Hayakawa and Nakai, Relationships of hydrophobicity and
net charge to the solubility of milk and soy proteins, J. Food
Sci. 1985, 50, 486-491. Four-milliliters of protein solutions
were made in 0.01 M phosphate buffer (pH 7) with concen-
trations ranging from 0.008 to 0.025% w/v. Ten-microliters of
8 mM ANS in 0.01 M phosphate buffer (pH 7) was added into
each protein solution and fluorescence intensities of these
solutions were measured at 390 nm of excitation and 470 nm
of emission with a spectro-fluorophotometer (Shimadzu
Model RF-1501, Kyoto, Japan). The surface hydrophobicity,
expressed as the slope of fluorescence intensity vs. protein
concentration, was calculated by linear regression.

[0178] FIG. 5 shows the surface hydrophobicity of the rice
endosperm protein hydrolysates treated with Alkalase, Lig-
uipanol or Pepsin as a function of the degree of hydrolysis.

Example 14
Determination of Viscosity

[0179] Viscosity of the protein isolates was determined by
a rotational rheometer (Haake VT 550, Germany) equipped
with a MVDIN measuring spindle (radius=19.36 mm,
height=58.08 mm) at room temperature (26° C.). The protein
isolates were mixed with deionized water to form slurry of
10%, and the slurry was left for 60 min for equilibrium before
analysis. The samples (30 ml) were loaded into the cylindrical
cup (radius=21.0 mm) and were subjected to a shear rate that
changed from 0 to 400 /s over 3 min using a computer-
controlled program. The data were analyzed by Rheowin Pro
Data manager version 2.84 (Haake Mess Tech, Germany),

Example 15
Determination of Thermal Properties

[0180] Thermal properties were determined using a difter-
ential scanning calorimeter model Pyris-1 (Perkins-Elmer
Corp., Norwalk, Conn., U.S.A.) equipped with thermal
analysis software (Version 4.00, Pyris-1-DSC, Perkin-Elmer



US 2009/0258954 Al

Corp., Norwalk, Conn., U.S.A.). Two-hundred milligrams of
protein were dispersed in an appropriate amount of water to
form slurry with a protein content of 20%. The slurry was well
mixed and left for 60 mm for equilibrium before analysis. The
slurry (about 50 ul.) was weighed accurately into stainless
steel pan (large volume capsule), hermetically sealed, and
scanned during temperature increasing from 25 to 140° C. at
a rate of 10° C./min. An empty pan was used as a reference.
Peak temperature and enthalpy were computed from thermo-
gram using the data processing software.

[0181] Emulsifying activity and stability were determined
by the turbidimetric method of Pearce and Kinsella using the
procedure of Example 9. Absorbance at time 0 was expressed
as the emulsifying activity of rice endosperm protein and
emulsion stability (ES) was calculated as follows:

Emulsion Stability=ToxA#/AT-where, AT is the
decrease in turbidity (absorbance) of the initial absor-
bance (To) during the time interval of At (10 min).

[0182] All the experiments were done in triplicates. Data
were analyzed for variance and multiple mean comparisons
with JMP 5.1 software (SAS Inst) SAS, 2002, IMP) User’s
Guide, Version 5. SAS Institute Inc., Cary, N.C. The signifi-
cance of difference between means was determined by the
Tukey HSD procedure at the 5% significance level (P<0.05).

(E) Results

[0183] In the following Table 3a the emulsion activity and
capacity of the (modified) rice endosperm proteins (REP 1-1
to REP 7) obtained according to examples 1 to 7 measured by
the methods as described in example 9 and 8, respectively, are
given.

[0184] For REP 3 eight values are given, because the
example was carried out eight times, each time with another
of the following enzymes: Bromelain, Protex 61, pepsin,
Alkalase® or Liquipanol® (see REP 3-1 to REP 3-8), and for
REP 6 five values are given, because the example was carried
out five times (see REP 6-1 to REP 6-5), each time applying
different process conditions as described in detail in example
6.

TABLE 3a

Emulsion activity and capacity of the (modified) rice endosperm
proteins REP 1-1 to REP 7 according to examples 1 to 7

(Modified) rice Emulsion Emulsion capacity
endosperm protein activity [ml/g protein]
REP 1-1 0.221 228.1
REP 2-1 0.214 177.6
REP 3-1 (Bromelain) 0.469 283.7
REP 3-2 (Protex 6L) 0.507 346.5
REP 3-3 (Pepsin) 0.584 363.8
REP 3-4 (Alkalase) 0.527 357.1
REP 3-5 (Liquipanol) 0.578 386.8
REP 3-6 0.409 477.5
REP 3-7 0.361 426.7
REP 3-8 0.370 439.1
REP 4 0.624 467.8
REP 5 0.643 541.7
REP 6-1 0.604 581.5
REP 6-2 0.341 388.9
REP 6-3 0.342 421.5
REP 6-4 0.365 436.8
REP 6-5 0.277 3415
REP 7 0.473 228.7

[0185] In the following tables 3b and 3¢ the protein and
total solubility and the degree of hydrolysis of the modified
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rice endosperm proteins REP 3 and 6 obtained according to
examples 3 and 6 measured by the methods as described in
example 10 and 11, respectively, are given.

TABLE 3b

Protein and total solubility of the modified rice endosperm
proteins REP 3 and REP 6 according to examples 3 and 6

Modified rice Protein Total
endosperm protein solubility (%) solubility (%)
REP 3-6 31.1 45.0
REP 3-7 347 49.5
REP 3-8 36.9 53.0
REP 6-2 294 47.2
REP 6-3 333 56.4
REP 6-4 32.8 49.7
REP 6-5 383 58.2
TABLE 3¢

Degree of hydrolysis of the modified rice endosperm proteins
REP 3 and REP 6 according to examples 3 and 6

Modified rice *Degree of **Degree of
endosperm protein hydrolysis (DH) hydrolysis (DH)
REP 3-6 3.7 —

REP 3-7 4.3 —

REP 3-8 5.9 —

REP 6-2 3.4 5.6

REP 6-3 4.6 6.7

REP 6-4 3.8 5.1

REP 6-5 6.7 8.8

*DH - enzymatic hydrolysis (before centrifugation and ultrafiltration)
**DH of the final products (enzymatic hydrolysis, after centrifugation and
ultrafiltration)

[0186] An overview of the chemical and enzymatic extrac-
tion procedures are presented in FIGS. 1 and 2, respectively.
Of the total protein in rice flour, alkali- and salt-methods
extracted protein isolates of 87.2 and 89.4% protein content,
with 67.9 and 60.3% yield, respectively.

[0187] In alkali and salt methods, the pH had strong influ-
ence on protein extraction. A positive correlation of pH and
the extractability were found up to pH 12. However, high pH
could lead to undesirable protein modification and increased
the extraction of non-protein components that co-precipitate
with protein and lower the isolate quality. However, the pH 10
or below was a poor solvent for rice protein extraction. There-
fore, pH 11 was determined to be the optimum extraction pH
concerning protein yield. Regarding protein functionality—
such as emulsifying properties of the protein—a lower pH
preferably pH 8 to 10) might be of interest. Further, protein
extraction at pH 11 combined with pretreatment of 3 min
homogenization or sonication improved the extractability of
the protein. These pretreatments might have dissociated the
hydrophobically interacted protein-protein or protein-
polysaccharide interactions and facilitated the protein extrac-
tion.

[0188] Inenzyme extraction, the thermo stable alpha amy-
lase, Termamyl, followed by cellulase treatment isolated
85.8% protein content with 89.2% yield. The enzyme Ter-
mamyl has optimum activity at 90° C. In order to avoid
extensive protein denaturation at 90° C. during Termamyl
treatment, the procedure was adapted with another non-
thermo stable amylase (amylase S), with optimum activity at
70° C. The amylase S combined with cellulase treatments
isolated 81.7% protein with 90.5% yield as shown in the table
below:
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TABLE 4

Protein Content and Recovery of Rice Protein
Isolates with Optimized Conditions®

Rice protein isolates Protein (%) Protein recovery (%)
REP 1-3: RP,, (Alkali) 87.2+1.08 67.9 =3.37
REP 1-4: RP; (Salt) 89.4 +1.96 60.3 £2.18
REP 2-3: RPy (Termamyl) 85.8 +1.12 89.2 +2.31
REP 2-4: RP, (Amylase S) 81.7+1.18 90.5 £ 1.36

“Values are means of triplicate determination and on dry weight basis.

14

Oct. 15, 2009

[0189] The compositions of the rice proteins, albumin,
globulin, glutelin and prolamin are presented in Table 4. Rice
flour contained 7.8% protein with 4.1%, albumin, 11.8%
globulin, 77.4% glutelin, and 2.1% prolamin of the total
protein, Alkali and salt extraction had similar profiles of pro-
teins except globulin; salt-extracted protein contained higher
globulin (6.2%) than alkali-extracted protein (3.1%). Since
the major protein in rice is glutelin, the alkali- and salt-
extracted proteins contained higher percentages of glutelin,
87.9 and 86.7, respectively, than the enzyme extracted pro-
teins (80.2%). In contrast, prolamin content is higher in
enzyme-extraction (2.8%) than in alkaline-(0.5%) and salt-
(0.7%) extractions.

TABLE §

Albumin, Globulin, Glutelin, and Prolamin Content

of Chemical- and Enzyme-Extracted Protein Isolates®

% of total protein

REP 1-3: REP 1-4: REP 2-3: REP 2-4:
Protein fraction RP, RP; RPz, RPz4
components (%) Rice flour Alkali Salt Termamyl  Amylase S

Total protein

792 87.2+1.1 89.4+1.2 85.8 +1.1 81.7+1.0

Albumin 4.13 29+0.1 2.6+0.2 1.7£0.1 1.8+0.1
Globulin 11.88 3.8+0.2 6.2+0.3 7.7+0.0 7.1+0.6
Glutelin 77.43 87.2 1.1 86.7 £ 0.9 80.6 £ 0.7 81.1 +1.05
Prolamin 2.06 1504 1.1+£0.1 2.8+0.1 2901
Non-extractable 43 3.1+0.6 29+0.1 6.4+0.6 57+04

“Values are means of triplicate determination.

[0190] The composition of the four protein isolates are
shown in Table 6. Both RP, and RP;had similar composition
and both of them had higher protein content, 87.2 and 89.4%,
respectively, than those of enzymes-extracted proteins, RP ..
(84.8%), and RP, (81.7%). The non-protein components
including starch, lipid, fiber, ash were lower in both alkali-
and salt-extracted proteins than in enzyme-extracted proteins.

TABLE 6

Proximate Composition of Rice Protein Isolates” REP 1-3, 1-4, 2-3 and 2-4

REP 1-3: REP 1-4: REP 2-3: REP 2-4:
Proximate RP, RPs RPz, RPz,4
composition (%) Alkali Salt Termamyl Amylase S
Moisture 2.4 +023% 2.5 +0.09% 2.0+0.11° 2.3+0.07%
Protein 87.2 £ 1.08%%  89.4 = 1.96° 85.8 +1.12° 81.7 + 1.08¢
Starch 2.1 +0.48¢ 1.7 £ 0.61¢ 5.1+0.38% 6.7 +0.47°
Lipid 0.3 +0.04% 0.2 +0.06° 1.1 £0.05¢ 1.1£0.13°
Fiber 0.6 £0.43% 0.5£0.17% 4.8 £0.46° 5.3 £0.51¢
Ash 0.4 £0.07° 0.7 £0.04% 3.7+0.13° 3.4 £0.09%

“Values are means of triplicate determination and on dry weight basis. Mean values with
different letters in the same row are significantly different (P < 0.05).
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[0191] Electrophoresis profiles of rice proteins are shown
in FIG. 3.

[0192] Molecular size profiles of rice proteins determined
by SDS PAGE gel electrophoresis

Lane 1—Standard marker (6.5-200 kDa);

Lane 2—RP;

Lane 3—RPg;

Lane 4—RP.;

Lane 5—RP.,.

[0193] Rice protein had a total of 6 bands and the molecular

size ranged from 7 to 97 kDa. Major bands were observed at
97 kDa (2%), 45 kDa (3%), 33 kDa (72%), 21 kDa (7%), 14
kDa (6%), and 7 kDa (8%). The most predominant band was
observed at the molecular size of 33 kDa with the density of
72% (F1G. 3, lanes 1 and 2). This is the major rice protein,
glutelin.
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239-265. The enthalpy change is decreased when the protein
is partially denatured, and the enthalpy change is zero when
the protein is completely denatured. Yu, Z.Y., Hettiarachchy,
N. S.; Rath, N., Extraction, denaturation and hydrophobic
properties of rice flour proteins, J. Food Sci. 2001, 66 (2),
229-232, reported that the enthalpy values of 2.88, 3.14, and
3.79 J/g for albumin, globulin, and glutelin, respectively. In
our study, alkali-extracted protein (RP,) had the highest
enthalpy value (1.82 pg), which was significantly lower than
the values of Yu et al for albumin (2.88 J/g), globulin (3.14
J/g), and glutelin (3.79 J/g). The physical treatments applied
in alkali and salt extraction may have denatured the protein to
a degree. Among the enzyme-extracted proteins, RP.,. (Ter-
mamyl, at 90° C.) did not show any detectable enthalpy
changes, which indicated complete protein denaturation.

Surface Hydrophobicity and Solubility

[0196] The surface hydrophobicity, solubility, and viscos-
ity of' the rice protein isolates are presented in Table 8.

TABLE 8

Surface Hydrophobicity, Solubility, and Viscosity of
Rice Protein Isolates” REP 1-3, 1-4. 2-3 and 2-4

REP 1-3: REP 1-4: REP 2-3: REP 2-4:
RP, RPg RP,, RP.,
(Alkali) (Salt) (Termamy!) (Amylase S)
Surface 563.8 = 14.8°¢ 544.2 £ 13.1¢ 9313 £15.6°  771.6 £12.3%
hydrophobicity
Solubility % 13.6 = 1.6° 11.6 + 1.57 8.1x1.1° 9.3 =2.0°
(atpH 7.0)
Viscosity Pas 17.4 £ 0.6% 17.2 £0.9% 17.0 £ 1.1¢ 18.2 £ 1.4%
(10%, w/v)
pH 7.0+0.2 6.8 £0.6 6.8 0.2 6.9 £0.3

“Values are means of triplicate determination. Mean values with different letters in the same

row are significantly different (P < 0.05).

[0194] The thermal denaturation temperature and enthalpy
values of denaturation of the rice protein isolates are pre-
sented in Table 7.

TABLE 7

Thermal Properties of Rice Protein Isolates
REP 1-3, 1-4, 2-3 and 2-4 and Rice Flour®

Denaturation Enthalpy value of

Rice protein Isolates temperature (° C.) Denaturation (Jg~!)

REP 1-3: RP,, (Alkali) 81.4 = 1.17 1.82 £0.14%
REP 1-4: RP (Salt) 78.9 £ 1.87° 1.10 £ 0.09°
REP 2-3: RPy (Termamyl) nd Nd

REP 2-4: RP;, (Amylase S) 79.9 £ 2.1° 0.18 +0.069
Rice flour 78.8 £2.7% 7.31 £0.19°

“Values are means of triplicate determination. Mean values with different

letters in the same column are significantly different (P < 0.05).
*nd, non-detectable.

[0195] The denaturation temperatures of RP,, RP¢, RP.,,
and RP., were 81.4, 78.9, 79.9, and 78.8° C., respectively.
Enthalpy values of RP, (1.82 J/g), RP.(1.10 J/g), RP., (non-
detectable), and RP., (0.18 J/g) diftered significantly, indi-
cating that the extraction methods denatured the proteins at
varying degrees depending on extraction conditions. The
enthalpy changes could be used to predict the extent of pro-
tein denaturation. Biliaderis, C. G., Differential scanning
calorimetry in food research: A review Food Chem. 1983, 10,

[0197] Hydrophobicity of rice protein isolates ranged from
544 to 931. The method of extraction contributed to the dif-
ferences in hydrophobicities of these proteins. The hydropho-
bicity of enzyme-extracted proteins, RP., (931.3) and RP,
(791.6), were higher than that of alkali- and salt-extracted
proteins, which were 563.8 and 544.2, respectively. This
might be due to protein denaturation, which increased surface
hydrophobicity. The heat-induced unfolding of enzyme-ex-
tracted proteins increased surface hydrophobicity.

[0198] The solubility of rice protein isolates were low at a
wide pH range of 4 to 10 (Data not shown). Amino acid
composition and hydrophobic interactions determine solubil-
ity. Sub-fractionation studies of rice glutelin by Tecson et al
(8) showed that high molecular mass of rice glutelin had
excessive intra- and inter-molecular disulfide and hydropho-
bic interactions, which reduced its solubility, Wen and Luthe
(9) also reported that the most abundant amino acids in rice
glutelin are glutamic acid/glutamine, aspartic acid/aspar-
agine, arginine, glycine, and alanine. The amide groups in the
glutamine and asparagine side chains promoted the aggrega-
tion of glutelin and reduced the rice protein solubility. Com-
paratively, the enzyme-extracted proteins had lower solubil-
ity than the alkali- and salt-extracted proteins, which might be
due to the high level of denaturation, high surface hydropho-
bicity, and loss of water-soluble protein (albumin) in extrac-
tion.

[0199] The emulsifying and foaming properties of rice pro-
tein isolates are presented in Table 9.
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TABLE 9
Emulsifying and Foaming Properties of Rice Protein Isolates®
REP 1-3: REP 1-4: REP 2-3: REP 2-4:
RP, RPg RPzr RPz4

(Alkali) (Salt) (Termamy!) (Amylase S)
Emulsifying 0.244 +0.11¢ 0.215 +0.01¢ 0.146 £0.07*  0.176 £ 0.21°
activity
Emulsifying 19.6 +0.91¢ 17.1 = .81° 13.2 £2.11¢ 14.7 £ 0.91¢
stability (min)
Foaming 126 £1.2° 13.5 £ 1.0° 8.4£0.8° 9.1 =0.7°
capacity (ml)
Foaming 8.6 +0.9% 8.2 +0.6% 5.3 +0.4° 6.8 £ 0.9
stability (min)

“Values are means of triplicate determination. Mean values with different letters in the same

row are significantly different (P < 0.05).

[0200] The emulsifying and foaming properties of alkali-
and salt-extracted proteins were higher than those of enzyme-
extracted proteins. Emulsifying activities of alkali- and salt-
extracted proteins were 0.224 and 0.216, respectively, and
stabilities were 19.6 and 17.1 min, respectively, which were
significantly higher than those of enzyme-extracted proteins.
A similar pattern of results was observed in foaming capacity
and stabilities. To have emulsifying and foaming properties,
the protein should be able to solubilize in the aqueous phase
and rapidly unfold to form a cohesive layer at the interface.
The molecular and physical requirements of proteins to sta-
bilize emulsion and foam are similar (Damodarn, S., Protein-
stabilized foams and emulsions, J. Food Sci. 205, 70 (3),
54-66).

[0201] The possible reasons for the differences in func-
tional properties obtained by the different methods of extrac-
tion could be due to protein purity, composition, surface
hydrophobicity, and solubility of the protein isolates. How-
ever, it is not meant, that the applicant is bound by these
theories.

[0202] Firstly, the thermal properties of the two enzyme-
extracted proteins showed a higher degree of denaturation
than those of RP, and RP. Excessive denaturation could be
detrimental to emulsifying and foaming properties by either
promoting protein aggregation or exposing a greater number
othydrophobic amino acids. The surface hydrophobicity data
confirmed the increased hydrophobicity of enzyme-extracted
proteins. The excessive surface hydrophobicity may be unfa-
vorable for emulsifying or foaming properties of protein by
facilitating to form extensive hydrophobic bonding and
reduced solubility and flexibility of the protein.

[0203] Secondly, the extreme extraction conditions such as
high temperature and or pH might have promoted the forma-
tion of disulfide cross-linking. It has been reported that rice
glutelin has excessive disulphide linkages. Extremely low
solubility of the extracted protein indicated that heat- or pH-
induced unfolding ofthe protein during extraction might have
exposed thiol groups in the interior of the protein. These
exposed thiol groups could readily form disulfide linkages
with adjacent protein molecules. The newly formed disulfide
bonds might have reduced the molecular flexibility, solubil-
ity, and surface activity of the proteins. The flexibility of a
certain segments of a protein is one of the major properties
determining the emulsifying and foaming properties of a
protein.

[0204] Thirdly, the composition of rice protein isolates
showed that alkali- and salt-extracted protein isolates con-
tained higher amounts of proteins and lower amounts of non-
protein substances than those of enzyme-extracted proteins.
Significant amounts of fiber, ash, lipid, and residual starch in
the enzyme extracted protein isolates, RP.,and RP, ,, might
have reduced their emulsifying and foaming properties.
These non-protein components may interact with proteins
and modify the net charge and hydrophobicity of proteins,
affecting the protein functionalities.

[0205] Finally, lower solubility of the enzyme extracted
protein adversely affected the emulsifying and foaming prop-
erties. To have emulsion and foaming properties, the proteins
should be able to solubilize and unfold to form cohesive
layers at the interface. This requires protein solubility and
flexibility. Lacking these properties, the enzyme-extracted
proteins had diminished emulsifying and foaming properties
than the alkali- and salt-extracted proteins.

[0206] From these investigations it has been found that
alkali and salt methods extracted 87.2 and 89.4% of proteins
with 67.9 and 60.3% yield respectively. Enzymatic method
with Termamyl and amylase S extracted 84.8 and 81.8%
proteins with 89.2 and 90.5% yield, respectively. The alkali-
and salt-extracted proteins had higher protein contents and
lower non-protein components including starch, lipid, fiber,
and ash than the enzyme-extracted proteins. Comparatively,
more favorable protein composition, lower hydrophobicity,
higher solubility, and a lower degree of thermal denaturation
of alkali- and salt-extracted proteins contributed to higher
emulsifying and foaming properties than those of enzyme-
extracted proteins. Therefore, the alkali and salt method of
extractions were milder extraction conditions and the pro-
teins retained better functional properties.

[0207] Rice proteins are nutritional and hypoallergenic,
and healthy for human consumption. Efficient extraction with
approved food grade enzymes and chemicals are essential for
commercial production and application of rice protein as a
functional ingredient. Rice endosperm proteins were isolated
by alkali, salt, and enzymatic methods and evaluated for
extractability and physicochemical properties. Alkali (RP )
and salt (RP) methods extracted 87.2 and 89.4% of proteins
with 67.9 and 60.3% yield, respectively. The enzymatic meth-
ods with Termamyl (RP,) and amylase S (RP,) extracted
84.8 and 81.8% proteins with 89.2 and 90.5% yield, respec-
tively. Enthalpy values of RP, (1.82 J/g), RP, (1.10J/g), RP,
(non-detectable), and RP, (0.18 J/g) determined by Differ-



US 2009/0258954 Al

ential Scanning Calorimeter, demonstrated that the varying
level of denaturation of proteins depends on the method of
extraction. Surface hydrophobicity data supported this obser-
vation. Alkali- and salt-extracted proteins had higher solubil-
ity and emulsifying properties than those of enzyme-ex-
tracted proteins; therefore, alkali- and salt-extracted proteins
can have enhanced functional use and a potential starting
material for preparing tailored rice protein isolates.

[0208] Rice endosperm protein isolated with thermo-stable
alpha-amylase, Termamyl®, was treated with neutral, acid,
and/or alkaline proteases. The degree of hydrolysis of the
hydrolysates was optimized by OPA method to maximize the
solubility and emulsifying properties. After enzyme inactiva-
tion, the soluble fraction was separated by centrifugation
(1000 g for 10 min), and the soluble hydrolysate was filtered
through membrane of specific molecular weight cut-off (50
kDa). The resulted hydrolysate of greater than 50 kDa was
spray dried and evaluated for degree of hydrolysis, solubility,
emulsion capacity, activity, and stability.

[0209] The combined treatments of two types of proteases;
Cysteine (Liquipanol) and serine (Alkalase) proteases fol-
lowed by centrifugation and ultrafiltration significantly
improved solubility and emulsifying properties. The resulted
hydrolysate had 53.5% solubility; 586.3 ml/g emulsion-ca-
pacity, 0.604-activity, and 24.8 min-stability, which were sig-
nificantly higher than that of unmodified rice protein isolate
(solubility 11.8%, 177.6 ml/g emulsion-capacity, 0.214-ac-
tivity, and, 14.7 min-stability).

[0210] The combined enzymatic hydrolysis with Alkalase
and Liquipanol followed by ultrafiltration improved rice
endosperm protein solubility and emulsifying properties. The
ultrafiltrated rice endosperm protein hydrolysate with uni-
form molecular fractions of high-purity enhanced its solubil-
ity and emulsifying properties.

Example 12
Manufacture of a Formulation of 3-Carotene

[0211] A formulation comprising a rice endosperm protein
and (3-carotene may be prepared as follows:

a) Preparation of a(n Oil-Based Solution 1:

[0212] 7.7 gof corn oil and 1.4 g of dl-a-tocopherol were
mixed, 16.1 g of crystalline (3-carotene were dispersed in 180
ml of chloroform (trichloromethane) and the resulting disper-
sion was added to the mixture of corn oil and tocopherol. By
gently stirring and simultaneous heating the mixture to about
60° C. a solution was obtained.

b) Preparation of a(n Aqueous) Solution 2:

[0213] 35gofREP1 (REP 1-1)according to example 1 was
re-dissolved in 250 ml of water by stirring at 60° C. Alterna-
tively REP 1-1 freshly prepared according to example 1 could
be used, i.e. the steps of freeze drying and storing are not
carried out, but the resulting EP 1-1 solution is used as such,
and brought to a temperature of 60° C. Additionally 2.1 g of
ascorbyl palmitate and 42.7 g of sucrose were added. 8 ml of
aqueous 1 N NaOH were used to adjust the pH to a value of
7.9. Instead of REP 1-1, REP 1-2 can be used accordingly for
the preparation of the aqueous solution.

¢) Preparation of an Emulsion from the Solutions 1 and 2:
[0214] Under vigorous stirring solution I was added to
solution 2 at 53° C. and the dispersion was vigorously stirred
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for another 30 minutes. The stirred dispersion was kept at 50
to 55° C. for 30 minutes. Residual trichloromethane was
removed at 50to 55° C. After removing entrapped air bubbles
by centrifugation the emulsion was gently stirred at 50 to 55°
C. for some minutes and then characterised with respect to the
particle size of the inner phase, The mean particle size (Sauter
diameter, D[3,2]) of the inner phase of the emulsion was 380
nm as measured by laser diffraction (Malvern Masersizer),
d) Preparation of a Solid Formulation from the Emulsion:
[0215] The emulsion may be sprayed into a pre-cooled
fluidised bed of cornstarch. Excess cornstarch can be
removed by sieving and the powder obtained can be dried in
an air stream at room temperature. The powder particle frac-
tion in the range of 0.16 to 0.50 mm can be collected by
sieving and characterised with respect to the carotenoid con-
tent, the colour intensity and the colour hue in an aqueous
dispersion, the content of the corn starch and residual humid-

1ty.

TABLE 10

Calculated composition of the dried formulation

Amount [weight-%, based on

Compound the total dry weight]
REP 1-1: Rice endosperm 25.0
protein according to example 1

sucrose 30.5
ascorbyl palmitate 1.5
B-carotene 11.5

corn oil 5.5
dl-a-tocopherol 1.0

Corn starch fluid 25.0

1. A composition comprising a rice endosperm protein and
an active ingredient.

2. The composition according to claim 1, wherein the rice
endosperm protein is a modified rice endosperm protein.

3. The composition according to claim 1, wherein the
active ingredient is a fat-soluble active ingredient and/or a
colorant.

4. The composition according to claim 1, wherein the fat-
soluble active ingredient and/or the colorant is a carotene or a
structurally related polyene compound, a fat soluble vitamin,
a triglyceride rich in polyunsaturated fatty acids, an oil
soluble UV-A filter, an UV-B filter or a mixture thereof.

5. The composition according to claim 4, wherein the caro-
tene or structurally related polyene compound is a carotenoid
such as a-carotene, j-carotene, 8'-apo-f-carotenal, 8'-apo-f-
carotenoic acid esters, canthaxanthin, astaxanthin, lycopene,
lutein, zeaxanthin, crocetin, a-zeacarotene, §-zeacarotene or
a mixture thereof.

6. The composition according to claim 5, wherein the caro-
tenoid is p-carotene.

7. The composition as in claim 4, wherein the fat-soluble
vitamin is Vitamin A or E.

8. The composition as in claim 1, wherein at least one
compound selected from the group consisting of monosac-
charides, disaccharides, oligosaccharides, polysaccharides,
glycerol, triglycerides, water-soluble antioxidants and fat-
soluble antioxidants is additionally present.

9. The composition as in claim 8, wherein the mono- or
disaccharide is sucrose, invert sugar, xylose, glucose, fruc-
tose, lactose, maltose, saccharose and sugar alcohols.
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10. The composition as in claim 8, wherein the oligo- or
polysaccharide is a starch, a starch hydrolysate or a modified
starch.

11. The composition as in claim 10, wherein the starch
hydrolysate is a dextrin, a malto-dextrin or a glucose syrup.

12. The composition as in claim 4, wherein the triglyceride
is a vegetable oil or fat.

13. The composition as in claim 1, wherein a co-emulgator
selected from the group consisting of mono- and diglycerides
of fatty acids, polyglycerol esters of fatty acids, lecithins, and
sorbitan monostearate is additionally present.

14. The composition as in claim 1, wherein the (modified)
rice endosperm protein has an emulsion capacity of =220,
preferably of 2350, more preferably of Z500.

15. The composition as in claim 1, wherein the (modified)
rice endosperm protein has an emulsion activity of 0.2,
preferably of 20.45, more preferably of 20.5.

16. The composition as in claim 1, wherein the amount of
the (modified) rice endosperm protein is from about 1 to about
70 weight-% and/or the amount of the (fat-soluble) active
ingredient and/or colorant is from about 0.1 to about 90
weight-%, based on the total amount of the composition.

17. The composition as in claim 1 in the form of a powder.

18. The composition according to claim 1 wherein the rice
endosperm protein is cross-linked with at least one compound
selected from the group consisting of reducing sugars, glyco-
proteins or glycopeptides.

19. A process for the manufacture of a composition as
claimed in claim 1 which comprises the following steps:

1) preparing an aqueous solution or colloidal solution of a

(modified) rice endosperm protein,

1D) optionally adding at least a water-soluble excipient and/
or adjuvant to the solution prepared in step I),

IIT) preparing a solution or dispersion of at least an active
ingredient, preferably of at least a fat-soluble active
ingredient and/or colorant, and optionally at least a fat-
soluble adjuvant and/or excipient,

IV) mixing the solutions prepared in step ) to I1I) with each
other,

V) homogenising the thus resulting mixture,

V1) optionally adding a cross-linking agent for cross-link-
ing the (modified) rice endosperm protein,

Vla) optionally submitting the mixture resulting after hav-
ing performed step VII) to enzymatic treatment or heat
treatment to cross-link the (modified) rice endosperm
protein

VII) optionally converting the dispersion obtained in step
V) and/or VI) into a powder,

VII) optionally drying the powder obtained in step VII),

IX) optionally submitting the (dry) powder to heat treat-
ment or to enzymatic treatment to cross-link the (modi-
fied) rice endosperm protein,

with the proviso that only step VIa) or step IX) is carried
out, but not both, when step VI) is carried out.

20. The process according to claim 19, wherein the enzy-
matic treatment according to step Vla) or step IX) is a treat-
ment with a cross-linking enzyme, particularly with a trans-
glutaminase.

21. The process according to claim 19 wherein the (modi-
fied) rice endosperm protein has an emulsion capacity of
>220, preferably =350, more preferably of =500 and an
emulsion activity of 20.2, preferably of 20.45, more prefer-
ably of 0.5.
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22. A process for the manufacture of a (modified) rice
endosperm protein starting from milled rice, whereby before
milling the rice bran was removed, comprising the following
steps a) to e) with the proviso that at least one of the steps b),
¢) and d) is carried out:

a) preparing an aqueous solution or suspension of milled
rice, whereby the rice bran was removed before milling,
whereby the solution or suspension preferably has a dry
mass content of from 0.1 to 30 weight-%, based on the
total amount of the aqueous solution or suspension;

b) optionally removing the non-protein part or the protein
part of the milled rice, whereby the rice bran was
removed before milling, to obtain the rice endosperm
protein;

¢) optionally modifying the protein part of the milled rice,
whereby the rice bran was removed before milling, to
obtain modified rice endosperm protein;

d) optionally isolating the (modified) rice endosperm pro-
tein;

e) optionally converting the (modified) rice endosperm
protein into a solid form.

23. The process according to claim 22, wherein step d) is
carried out by centrifugation or filtration, preferably by ultra-
filtration.

24. The process according to claim 22, wherein the filtra-
tion is performed by using a membrane with a nominal
molecular weight cut-off of 25 kDa.

25. The process according to claim 23, wherein the
removal of the non-protein part (step b) is achieved by treat-
ing the milled rice with non-protein degrading enzymes,
deactivating the enzymes, separating and removing the non-
protein part from the protein part of the milled rice.

26. The process according to claim 25, wherein the non-
protein degrading enzymes are starch-degrading enzymes,
cellulose-degrading enzymes or mixtures thereof.

27. The process according to claim 25, wherein the sepa-
ration of the non-protein part is achieved by centrifugation
followed by its washing off.

28. The process according to claim 23, wherein step c) is
achieved by treating the protein part of the milled rice with
alkaline, neutral and/or acid proteases.

29. The process according to claim 28, wherein the protein
part of the milled rice is treated subsequently by two different
alkaline proteases.

30. The process according to claim 29, wherein one of
these proteases is a serine specific protease and the other is a
cysteine specific protease.

31. The process according to claim 23, wherein the
removal of the protein part (step b) is achieved by adjusting
the pH of the “milled rice” solution or suspension to a value of
from 7 to 12.

32. The process according to claim 23, wherein step ¢) is
achieved by drying, preferably by freeze drying or spray
drying.

33. A (modified) rice endosperm protein obtainable by any
process according to claim 23.

34. A (modified) rice endosperm protein having an emul-
sion capacity of 2220, preferably of 2350, more preferably
of Z500.
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35. The (modified) rice endosperm protein according to
claim 34, wherein it additionally has an emulsion activity of
=0.2, preferably of 20.45, more preferably of 20.5.

36. Use of a composition as claimed in claim 1 for the
enrichment, fortification and/or coloration of food, bever-
ages, animal feed, personal care or pharmaceutical composi-
tions.

37. Food, beverages, animal feed, personal care and phar-
maceutical compositions containing a composition as
claimed in claim 1.
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38. Food, beverages, animal feed, personal care and phar-
maceutical compositions containing a (modified) rice
endosperm protein as claimed in claim 33.

39. Use of (modified) rice endosperm protein, preferably
such as claimed in claim 33, as protective hydrocolloid for
active ingredients, especially fat-soluble active ingredients
and/or colorants.



