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A method of preparing a frozen product of an iron-containing protein composition solution comprising the step of
freezing the iron-containing protein composition solution including a sugar compound of claim 9.

A method of preparing a liquid composition comprising the step of thawing a frozen product obtained by the method
of Claim 10.

A melhod of preparing a powder comprising the step of drying of the iron-containing protein composilion solution
of Claim 1.

A method of preparing a powder comprising the step of drying of the iron-containing protein compaosition solution
of Claim 2.

A method of preparing a powder comprising the step of drying the liquid composition of Claim 4.

11
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An improved process for making a cheese product using transglutaminase

liquid whey, cutting and cooking the curd, separating the
curd from the liquid whey, and collecting the curd. Many
specific embodiments are provided. Additionally, the
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esis than similar cheeses prepared by conventional
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Description
FIELD OF THE INVENTION

[0001] The invention relates to the production of cheese, especially cream cheese and cottage cheese. More spe-
cifically, the invention relates to methods for increasing dairy protein incorporation into curd during cheese production
using transglutaminase. This invention also relates to methods for reducing syneresis in cheese products, especially
cream cheese and cottage cheese, using transglutaminase.

BACKGROUND

[0002] Cheese compositions are generally prepared from dairy liquids by processes that include treating the liquid
with a coagulating or clotting agent. The coagulating agent may be a curding enzyme, an acid, or a suitable bacterial
culture. The coagulum or curd that results generally incorporates transformed casein, fats including natural butter fat,
and flavorings (especially those arising when bacterial cultures are used). The curd is usually separated from the whey.
The resulting liquid whey generally contains soluble proteins not affected by the coagulation; such proteins are, of
course, not incorporated into the coagulum. The inability of whey proteins to be retained in the coagulum is an important
factor contributing to a lack of efficiency in production of cheese curds, and to a reduction in overall yield relating to
the incorporation of protein solids present in the starting dairy liquids into resulting cheese curds. Therefore, there
remains a need for effective methods of improving the efficiency of protein incorporation into curd during cheese pro-
duction.

[0003] Soft cheeses such as cream cheese and cottage cheese products usually suffer water separation during
storage due to the process of syneresis. The resulting acid whey (i.e., separated water phase), although it contains
substantial amounts of dairy proteins, cannot be efficiently utilized. Moreover, consumers generally find such water
separation objectionable. Therefore, there remains a need for improved methods for producing soft cheeses wherein
syneresis is reduced.

[0004] Transglutaminases are enzymes which catalyze the crosslinking of proteins. These enzymes have a broad
occurrence in nature and may be obtained, for example, from microorganisms such as those belonging to the genus
Streptoverticilfium or from Bacillus subtilis, from various Actinomycetes and Myxomycetes, from fish and other marine
sources, from plant sources, and from animal sources (especially mammals). Food processing methods employing
transglutaminases have been disclosed in recent years. For example, Japanese Patent 59059151 discloses treating
an emulsion containing proteins, oils or fats, and water with transglutaminase to produce a gelatinous, crosslinked gel.
Japanese Patent 02276541 discloses a heat-resistant food protein having a fibrous texture. The fibrous texture is
developed by treatment of a protein hydrogel with a transglutaminase in the presence of calcium ions to induce
crosslinking of the surface of a fiber bundle.

[0005] U.S. Patent 5,156,956 discloses a transglutaminase purified from strains of the genus Streptoverticillium, and
the use of this enzyme to produce geltype foods. This transglutaminase catalyzes formation of protein gelation products
from protein solutions to produce conventional gel foodstuffs such as yoghurt, jelly, cheese, gel cosmetics, and the like.
[0006] U.S. Patent5,731,183 discloses a transglutaminase purified from strains of Bacillus subtilis, having particular
physical and enzymatic characteristics, and a method for producing protein, peptide, or non-protein amino acid poly-
mers that are crosslinked via their glutamine and lysine residues to form intermolecular or intramoelecular conjugates.
The crosslinked protein polymers produced using transglutaminase are reported to be useful in a variety of food sub-
stances.

[0007] Methods have been proposed for increasing the recovery of whey protein into cheese products using trans-
glutaminase. For example, U.S. Patent 6,093,424 relates to treatment of a dairy liquid such as mitk with transglutam-
inase and a non-rennet protease to generate cheese curd for hard, soft, or semi-soft cheeses.

[0008] U.S.Patent5,681,598 and its European counterpart EP 0 711 504 A1 disclose a process for producing cheese
using transglutaminase added at the same time as both a clotting enzyme and a lactic-acid producing culture, and the
milk is then incubated.

[0009] Patent publication WO 97/01861 discloses a method for producing cheese using transglutaminase. Trans-
glutaminase is added to milk, followed by a short incubation period, after which a clotting enzyme or curding agent is
added to the milk to produce curd.

[0010] The current invention provides processes for producing cheeses that improve the efficiency of dairy protein
incorporation into cheese curd during production. Additionally, the cheeses produced using the process have improved
qualities, including decreased syneresis.
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SUMMARY OF THE INVENTION

[0011] The current invention provides processes for cheese manufacturing that significantly increase the yield of
cheese produced by using the enzyme transglutaminase and an acidifying step to crosslink dairy proteins during cheese
manufacturing. The cheese products are less fragile and have reduced syneresis. Additionally, the cheese products
have greater viscosity and firm texture.

[0012] In one aspect, the current invention provides a process for making a cheese preduct comprising:

(i) providing a dairy liquid comprising dairy proteins;

(i) crosslinking and curding the dairy liquid by adding an acidifying agent and adding a transglutaminase to the
dairy liquid for a crosslinking and curding time, and under crosslinking and curding conditions, sufficient to crosslink
at least a portion of the dairy proteins and to form a curd and a liquid whey;

(iii) disrupting and heating the curd;

(iv) separating the curd from the liquid whey; and

(v) collecting the curd.

[0013] Typically, a coagulating enzyme is not added during step (ii). In certain embodiments, a coagulating enzyme
is not added during any step of the process. The dairy liquid may be pasteurized.

[0014] In certain embodiments, transglutaminase is used in step (ii) at concentrations of less than 10 units per gram
dairy liquid, preferably less than 5 units per gram, more preferably less than 1 unit per gram. In certain embodiments,
transglutaminase is used at a concentration of about 0.4 to about 0.8 units per gram dairy liquid.

[0015] In one embodiment, the addition of the acidifying agent during step (ii) is performed before the addition of
transglutaminase. In a further embodiment, the process further comprises heating the crosslinked dairy liquid at a
temperature and for a time sufficient to inactivate the transglutaminase after step (ii) and before step (jii).

[0016] In certain embodiments, the acidifying agent is a culture containing a lactic acid-producing microbe. In one
embodiment using a lactic acid-producing microbe, the resulting pH of the dairy liquid is about 4.2 to about 5.2, pref-
erably about 4.4 to about 4.8, and most preferably about 4.5 to about 4.7.

[0017] In certain embodiments, the acidifying agent is a food grade acid. In one embodiment, the food grade acid is
selected from the group consisting of citric acid, lactic acid, glucono delta lactone, phosphoric acid, acetic acid or
vinegar, and the like.

[0018] In certain embodiments, the dairy liquid comprises dairy ingredients selected from milk, reconstituted dry milk,
concentrated milk, milk protein concentrate, whey, reconstituted whey, whey protein concentrate, and cream.

[0019] In certain embodiments, the dairy liquid comprises cream and a dairy ingredient selected from the group
consisting of milk, reconstituted dry milk, concentrated milk, milk protein concentrate, whey, reconstituted whey, and
whey protein concentrate. For these embodiments, the cheese is typically cream cheese. In one embodiment where
the cheese is cream cheese, the cooking in step (iv) is performed by heating the curd and whey to about 80°C for
about 30 minutes.

[0020] In certain embodiments, the dairy liquid is skim milk, concentrated skim milk, reconstituted nonfat dry milk,
whey protein, or milk protein concentrate. Typically, where the dairy liquid is skim milk, the resulting cheese is cottage
cheese. In one embodiment where the dairy liquid is skim milk, the cooking in step (iv) is performed by increasing the
temperature of the curd and whey from about 30 tc about 60°C over a pericd of about 15 to about 150 minutes, and
more preferably over a period of about 60 minutes. Typically, where the resulting cheese is cottage cheese, the
crosslinking and curding time is from about 1 hourto about 14 hours and the crosslinking and curding conditions include
a temperature of about 15 to about 55°C, preferably from about 3 hours to about 6 hours at a temperature of about 30
to about 34°C, more preferably at about 32°C.

[0021] Typically, where the resulting cheese is cream cheese, the crosslinking and curding time is from about 1 hour
to about 24 hours and the crosslinking and curding conditions include temperatures of about 18 to about 50°C, pref-
erably from about 15 hours to about 19 hours at a temperature of about 22 to about 28°C. In one embodiment, the
crosslinking and curding is carried out for about 17 hours at a temperature of about 25°C.

[0022] In significant embodiments of the process of the present invention, the transglutaminase is isolated from a
bacterial source, a fungus, a mold, a fish, or a mammal. In one preferred embodiment, the transglutaminase is isolated
from a bacterial source, preferably from the genus Streptoverticillium. Mixtures of transglutaminase from different sourc-
es can be used.

[0023] The processes of the current invention for making cream cheese products may include an additional homog-
enization step after the curd is collected. The homogenization may be carried out at pressures of up to about 10000
psi (about 68948 kPa), preferably up to about 3500 psi (about 24132 kPa), and most preferably up to about 5000 psi
(about 34474 kPa).

[0024] In another aspect, the current invention is a cheese product produced by a process as described above,
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including any of the embodiments described above.
BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 is a flow diagram illustrating the general process of the current invention.

[0026] Figure 2 is a more detailed flow diagram illustrating the preparation of cream cheese using the process of
this invention.

[0027] Figure 3 is a more detailed flow diagram illustrating the preparation of cottage cheese using the process of
this invention.

[0028] Figure 4 is a Coomassie-stained 16.5% Tricine-SDS PAGE gel of samples obtained during the production of
a cottage cheese curd according to Example 3. Lane 1: curd recovered from the transglutaminase-treated milk sample;
Lane 2: whey recovered from the transglutaminase-treated milk sample; Lane 3: curd recovered from the control sam-
ple; Lane 4: whey recovered from the control sample. Whey and curd samples were loaded with the same guantity of
whey and curd, respectively.

[0029] Figure 5 is a graph of the percent concentration of proteins in whey as a function of the final concentration of
transglutaminase in milk used in the process according to Example 1.

[0030] Figure 6 contains electron micrographs of cottage cheese curd produced by the method of this invention
according to Example 3. Panels A and B illustrate the cottage cheese edge produced with transglutaminase (A) and
without transglutaminase (B). Panels C and D illustrate the cottage cheese curd body produced with transglutaminase
(C) and without transglutaminase (D).

[0031] Figure 7 is a graph of cream cheese viscosity (Pa) at various pressures of post-curd formation homogenization
for samples produced by the process of this invention according to Example 5 using a transglutaminase addition step;
a control sample without transglutaminase is also shown.

[0032] Figure 8 is a graph of percent syneresis at various post curd formation homogenization pressures for cream
cheese samples produced by the processof this invention according to Example 5 using a transglutaminase addition
step; a control sample without transglutaminase is also shown.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033] The general process of this invention is illustrated in Figure 1. The starting material is a dairy liquid which
may or may not be pasteurized. As used herein, "dairy liquid" refers to milk, milk products obtained by fractionating
raw milk to provide a liquid fraction, or a solid milk fraction that is reconstituted to a liquid. For example, the milk may
be treated to remove some or all of the butterfat, providing low fat milk or skim milk, respectively. Furthermore, whole
milk, low fat milk, or skim mitk may be concentrated by methods such as evaporation and/or ultrafiltration (with or
without diafiltration) and the like. Evaporation provides dairy liquids containing a higher concentration of all the non-
volatile components, whereas ultrafiltration provides dairy liquids with a higher concentration of the components that
do not permeate the ultrafiltration membrane. In any case, the dairy proteins including casein and whey protein are
included among the retained solids, such that their concentrations in the resulting liquids are increased. Furthermore,
any of the above dairy liquids may be evaporated to dryness, providing milk solids originating from whole milk, low fat
milk, or skim milk, and including casein, whey proteins, and lactose. Any of these solids may be reconstituted by the
addition of water or a suitable aqueous composition including milk or a milk fraction. Reconstitution of dry milk thus
provides dairy liquids that in general may have a broad range of final concentrations of the component proteins, lactose,
butterfat, and other components. All the above liquids are included in the designation of "dairy liquids" as used herein.
[0034] The dairy liquids employed in the present invention may originate from any lactating livestock animal whose
milk is useful as a source of human food. Such livestock animals include, by way of nonlimiting example, cows, buffalo,
other ruminants, goats, sheep, and the like. Generally, however, cows' milk is the preferred dairy liquid used in the
practice of the invention.

[0035] As used herein, “casein” relates to any, or all, of the phosphoproteins in milk, and to mixtures of any of them.
Animportant characteristic of casein is that it forms micelles in naturally occurring milk and in the dairy liquids employed
in the presentinvention. Many casein components have been identified, including, but not limited to, a-casein (including
01 casein and o, casein), B-casein, K-casein, and their genetic variants.

[0036] As used herein, "whey protein” relates to the proteins contained in the dairy liquid (i.e., whey) obtained as a
supernatant of the curds when milk or a dairy liquid containing milk components are curded to produce a cheese-
making curd as a semisolid. Whey protein is generally understood to include the globular proteins -lactoglobulin and
a-lactalbumin. It also includes significantly lower concentrations of immunoglobulin, other globulins, and trace amounts
of caseins depending on the process of curding and/or whey separation.

[0037] The presentinvention is especially adapted for, but not limited to, the production of cream cheese and cottage
cheese. The dairy liquids used for a given process of the current invention are typically chosen based on the type of
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cheese product desired. For example, cream-added dairy liquid is used in the manufacture of cream cheese to balance
and/or obtain target compositions in the final product which may be full-fat, fat-free, light, or reduced-fat cream cheese
or Neufchatel. A detailed process flowchart illustrating the production of cream cheese using the present invention is
shown in Figure 2. As is known in the art, the cream-added dairy liquid for the production of cream cheese products
normally has a butterfat content of from less than about 1 up to about 14 percent (and in certain cases up to as much
as 20 percent), so that after processing, the finished cream cheese product will have a butterfat content of from less
than about 1 up to about 35 percent (and in certain procedures, such as wheyless procedures, up to as much as 38
percent).

[0038] A detailed process flowchart illustrating the production of cottage cheese using the present invention is shown
in Figure 3. For the production of such a cottage cheese product, dairy liquids are usually chosen from skim milk, skim
milk concentrate, and reconstituted non-fat dry milk.

[0039] For certain embodiments, such as, but not limited to, the production of cream cheese, the dairy liquid is
typically homogenized. Homogenization methods are well known in the food sciences. Any homogenization method
that can be used to homogenize dairy liquids before processing into a cheese product can be used with the current
invention. For example, but not intended to be limiting, cream-added milk for the production of cream cheese can be
homogenized in a two-stage homogenizer. Preferably, the first stage is operated at a pressure of about 1000 psi (about
6895 kPa) to about 10000 psi (about 68948 kPa) and the second stage at about 100 psi (about 689 kPa) to about 1000
psi (about 68948 kPa).

[0040] A "pasteurized dairy liquid" is a dairy liquid that has been subjected to pasteurization. The process of pas-
teurization is well known in the art of food sciences. Pasteurization may or may not be applied in the current invention.
Any method for pasteurization can be used for the current invention. For example, but not intended to be limiting,
pasteurization of dairy liquids may be carried out by heating the dairy fiquid under conventional pasteurization conditions
such as, for example, but not limited to, about 72 to about 80°C for at least about 15 seconds.

[0041] Dairy liquids used in the current invention may incorporate other ingredients. For example, calcium may be
added for calcium fortification. Suitable calcium sources include, for example, calcium chloride, calcium sulfate, calcium
phosphate, calcium citrate, calcium carbonate, calcium gluconate, and the like. Such other ingredients that can be
used in the process of manufacturing cheese should not, of course, interfere with transglutaminase activity so as to
completely inhibit the ability of this enzyme to crosslink proteins found in dairy liquids.

[0042] In the process of the current invention, the dairy liquids are curded and crosslinked by the addition of an
acidifying agent and transglutaminase. For the current invention, crosslinking occurs during the curding process of the
cheese-manufacturing process. Typically, the crosslinking agent is added to the dairy liquid at the same time the acid-
ifying agent is added or shortly thereafter. Preferably, the crosslinking agent is added within 1 hour of addition of the
acidifying agent, more preferably within 10 minutes of addition of the acidifying agent, and most preferably, immediately
after addition of the acidifying agent. Delayed addition of transglutaminase resulis in a lesser degree of crosslinking
with the same enzyme dosage. The degree of crosslinking should be sufficient to provide the desired textural and
protein retention characteristics. In the current invention, crosslinking at least a portion of the dairy proteins can be
detected using an SDS-PAGE gel and detecting a diminution of main protein bands compared to control, untreated
cultures or by detecting a band of aggregates/polymers in SDS-PAGE gels. Preferably, the protein aggregates/polymers
remain small enough to enter the stacking gel of the gel. Figure 4 provides a typical gel with curd and whey from the
process of this invention as well as curd and whey from a similar process run without transglutaminase.

[0043] Curding and crosslinking are carried out simultaneously and proceed at different rates of reaction during the
entire process of curd formation as system conditions change (e.g., changes in pH, lactose content, protein substrates,
and the like as the reactions proceed). When lactic acid-producing cultures are used as the acidifying agent, curding
and crosslinking are carried out until the pH of the dairy liquid is reduced to a pH of about 4.2 to about 5.2, preferably
about 4.4 to about 4.8, most preferably about 4.5 to about 4.7. Typically, the curding and crosslinking are carried out
for between 1 and about 24 hours at temperatures of between about 18 and 55°C.

[0044] Typically, where the resulting cheese is cottage cheese, the crosslinking and curding time is from about 1
hour to about 14 hours and the crosslinking and curding conditions include a temperature of about 22 to about 36°C,
preferably from about 3 hours to about 6 hours at a temperature of about 30 to about 34°C.

[0045] Typically, where the resulting cheese is cream cheese, the crosslinking and curding time is from about 12
hours to about 24 hours and the crosslinking and curding conditions include a temperature of about 20 to about 30°C,
preferably from about 15 hours to about 18 hours at a temperature of about 22 to about 28°C. In one embodiment, the
crosslinking and curding is carried out for about 17 hours at a temperature of about 25°C.

[0046] Typically, the curding and crosslinking is done without disturbing the dairy liquid being processed (i.e., without
significant agitation). The acidifying agent may be either a food grade acid or a lactic acid-producing culture, both of
which are well known in the art. Food grade acids, include, but are not limited to, citric acid, lactic acid, glucono delta
lactone, phosphoric acid, acetic acid or vinegar, and the like.

[0047] Preferably, for the current invention, the acidifying agent is a lactic acid-producing culture. Such cultures are
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well known in the art of food science. Any lactic acid-producing bacteria used in conventional cheesemaking can be
used in the process of the current invention. Not to be limited by theory, as is known in the art, lactic acid-producing
microbes are used in cheese manufacturing to ferment lactose present in the dairy liquid and to cause further decom-
position of the clotted casein into smaller peptides and free amino acids as a result of the culture's production of
proteases and peptidases. The lactic acid-producing culture may be added in amounts which are conventional for the
present purpose (i.e., typically about 10,000 to 10,000,000 bacteria/g of dairy liquid). The cultures may be added as
freeze-dried, frozen, or liquid cultures.

[0048] As is well known in the art, the lactic acid-producing culture can be added as a starter culture. The starter
culture is typically established by inoculating a lactic acid-producing bacteria into a relatively smailf quantity of dairy
liquid compared to the quantity to be used in the cheese production process. The culture is incubated at a temperature
that supports multiplication of the bacteria before being used to inoculate the full volume of dairy liquid for the batch
of cheese production.

[0049] Forthe current invention, crosslinking of the dairy liquid occurs while the lactic acid-producing culture is acid-
ifying the dairy liquids. By "crosslinking the dairy fiquid " is meant crosslinking proteins present in the dairy liquid.
Crosslinking of proteins during the process of the current invention is catalyzed by transglutaminase. Transglutami-
nases are enzymes which catalyze the transfer of the y-carboxamide group of a glutaminyl residue in a protein or
peptide to the e-amino group of a lysyl residue of the same or a different protein or peptide, thereby forming a y-carboxyl-
€-amino crosslink.

[0050] Transglutaminases have a broad occurrence in living systems, and may be obtained, for example, from mi-
croorganisms such as those belonging to the genus Streptoverticillium, from Bacillus sublilis, from various Actinomyc-
etes and Myxomycetes, from fish species and other marine sources, from plant sources, and from animal sources,
especially mammals. For example, mammals provide the blood clotting protein activated Factor XllI; liver transglutam-
inase can be obtained, for example, from pigs. In general, transglutaminases from animal sources require calcium ions
for activity. Recombinant forms of transglutaminase enzymes may be obtained by genetic engineering methods as
heterologous proteins produced in bacterial, yeast, and insect or mammalian cell culture systems. The principal re-
quirement of any transglutaminase employed in the instant invention is that it has the activity referred to above. Any
enzyme having transglutaminase activity may be employed in the methods of the present invention. In a preferred
embodiment, the transglutaminase is obtained from the genus Streptoverticillium.

[0051] Transglutaminase activity may be determined using known procedures. One such colorimetric procedure uses
benzyloxycarbonyl-L-glutaminyl-glycine and hydroxylamine to form a y-carboxyl-hydroxamic acid if transglutaminase
is present. An iron complex of the hydroxamic acid can be formed in the presence of ferric chloride and trichloroacetic
acid. Using the absorbance at 525 nm with appropriate standards, the activity of enzyme present may be determined
(see, e.g.,U.S. Patent 5,681,598 and J. Biol. Chem. 240:2951 (1965)).

[0052] In certain embodiments, transglutaminase is used in step (ii) at concentrations of less than 10 units per gram
of dairy liquid, preferably less than 5 units per gram, more preferably less than 1 unit per gram of dairy liquid. In certain
embodiments, transglutaminase is used at a concentration of about 0.4 to about 0.8 units per gram of dairy liquid.
[0053] After crosslinking and curding, the curd is disturbed and cooked. Typically, the curd is disturbed by cutting or
stirring. The processes of cutting or stirring and cooking curd are well known in the art. Examples of cooking conditions
are described in the accompanying Examples section. For example, but not intended to be limiting, where the cheese
is cream cheese, the cooking can be performed by heating the temperature of the curd and whey to about 80°C for
about 30 minutes. In another embodiment where the dairy liquid is skim milk, the cooking in step (iv) can be performed
by increasing the temperature of the curd and whey from about 30 to about 80°C over a period of about 60 minutes.
[0054] After being cut and cooked, the curd is separated from the whey and the curd is collected (see, e.g., Option
2 in Figure 2). Methods are well known in the art for separating curd from whey and collecting curd. These methods
may vary depending on the type of cheese produced. For example, but not intended to be limiting, centrifugation by a
separator (e.g., a Model #KSA6-01-076 separator, Westfalia Separator, Inc., Northvale, NJ.) can be used to separate
curd from whey during cream cheese production. Alternatively, the curd and whey can be homogenized without sep-
aration (see, e.g., Option 1 in Figure 2).

[0055] Typically, a conventiocnal milk clotting/renneting enzyme is not present during the curding and crosslinking
step in the processes of the current invention. In certain embodiments, a conventional milk clotting/renneting enzyme
is not present during any step of the process. A "conventional milk clotting/renneting enzyme" is a rennet or a non-
rennet protease that has coagulating activity.

[0056] Rennetis a generic term used in the field of dairy science and in the field of cheese making, to designate an
activity obtainedfrom the lining of the stomachs of immature mammals that consume maternal milk. The natural function
of rennet is to initiate the digestion of the milk in order to provide the nutrition contained in the milk protein to the young
mammal. In cheese making, rennet is used to clot the dairy liguids, thereby forming cheese curd and whey. The term
"renneting” relates to the process of treating a dairy liquid with a rennet to provide a cheese curd and whey. Synonyms
for "renneting" include "curding," "clotting," and "setting." As used in contemporary dairy science, "rennet" connotes
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the enzyme earlier called "rennin" and now termed "chymosin." Chymosin is a member of the family of proteases known
as aspartyl endopeptidases.

[0057] The activity of chymosin on dairy liquids includes at least the proteolytic cleavage of the peptide bond between
the phenylalany! residue that occurs at about positiocn numbered 105 and the methionine that occurs at about position
numbered 106 in k-casein to release a soluble macropeptide and induce the coagulation of the remainder of the mol-
ecule, termed para-kx-casein, with all the components of the casein micelles. Common natural sources of chymosin
include, but are not limited to, the stomachs of calves, buffalo, other ruminants, kid goats, lambs, piglets, and the like.
Furthermore, various natural chymosins and genetically engineered chymosin mutant proteins are available as the
recombinant protein products, obtained as a result of introducing genes encoding these proteins as heterologous genes
in order to make the gene products in suitable host organisms. Chymosin is the activated form produced when the
proenzyme prochymosin is activated. Prochymosin likewise may be a recombinant product, and may be a genetically
engineered mutant protein which upon activation provides renneting activity. As used herein, all such chymosins having
renneting activity, and prochymosins activatable to such chymosins, are included in the term "rennet.”

[0058] Many other non-rennet enzymes have coagulating activity. Nonlimiting examples include other aspartyl pro-
teases such as various pepsins, and a large number of proteases from nonmammalian sources, including plants,
microorganisms, and marine fishes. As used herein, a "non-rennet protease" relates to any such protease having milk-
clotting activity that is not a rennet as defined herein. Furthermore, various natural non-rennet proteases, as well as
genetically engineered mutant proteins derived from such natural proteases and having the corresponding protease
activity, are available as recombinant protein products, obtained upon intreducing genes encoding these proteins as
heterologous genes into suitable host organisms to produce the protein products. As used herein, all such recombinant
non-rennet proteases having milk-clotting activity are included in the term "non-rennet protease."

[0059] Among the non-rennet proteases that may be used in the process of dairy liquid curding are the bacterial
protease obtained from Bacillus licheniformis and designated SP 446 (Novo Nordisk), the bacterial protease from
Bacillus thermoproteolyticus, the microbial protease Coralase PN-L produced by Aspergillus sojae (Rohm GmbH, Ger-
many), a plant protease such as papain, animal proteases such as a protease from the intestines of fishes.

[0060] The cooked curd produced by the process of the current invention can be combined with other ingredients to
obtain final cheese products. These other ingredients include any ingredients typically used in cheese manufacturing.
For example, dressings can be added to the curd for the production of creamed cottage cheese (see, e.g., Figure 3).
[0061] The processes of the current invention may include an additional homogenization step after the curd is col-
lected. Preferably, a single- or two-stage homogenizer can be used. Preferably, the first stage is operated at a pressure
of about 1000 psi (about 6895 kPa) to about 10000 psi (about 68948 kPa) and the optional second stage at about 100
psi (about 689 kPa) to about 1000 psi (about 6895 kPa).

[0062] In another aspect, the current invention relates to cheese products, especially cream cheese and cottage
cheese products, produced by a process as described above, including any of the embodiments described above. The
cheese products of the current invention have a number of advantages. For example, the processes of the current
invention significantly increase the yield of cheese produced while reducing processing time. The cheese products are
less fragile and have reduced syneresis. Additionally, the cheese products have greater viscosity and firm texture. Not
to be limited by theory, it is believed that these advantages are the resutlt, at least in part, of smaller, more concentrated
protein particles observed in cheese products produced by processes of the current invention (see, e.g., Figure 6).
[0063] The following examples describe and illustrate the processes and products of the invention. These examples
are intended to be merely illustrative of the present invention, and not limiting thereof in either scope or spirit. Unless
indicated otherwise, all percentages and ratios are by weight. Those skilled in the art will readily understand that
variations of the materials, conditions, and processes described in these examples can be used.

EXAMPLE 1: Effect of Transglutaminase Dosage on the Incorporation of Whey Protein into Cottage Cheese.

[0064] An analysis was performed of the effect of transglutaminase on the incorporation of whey protein into cottage
cheese. The process used for making cottage cheese consisted of the following steps:

(1) Skim milk was pasteurized at about 72°C for 15 seconds.

(2) A starter culture was prepared by inoculating the pasteurized milk with a lactic acid- producing culture at 22°C
and incubating overnight.

(8) The starter culture (6.0 kg) was mixed with 94.0 kg of pasteurized skim milk at 32°C.

(4) During the process of fermentation, transglutaminase was added to the samples at the quantities shown in
Table 1.

(5) The samples were incubated at 32°C for about 5 hours to lower pH to about 4.70.

(6) Curd was cut and incubated undisturbed for 30 minutes.

(7) Temperature was increased from 30°C to 60°C over a period of about 60 minutes.
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(8) The curd was drained using cheesecloth.

[0065] Protein concentrations were determined using the Lowry assay (Lowry, O.H., Rosebrough, N.G., Farr, A.L.,
and Randall, R.J., "Protein Measurement with Folin phenol reagent," J. Biol. Chemn. 193:265 (1951)). Transglutaminase
activity was determined as described in J. Biol. Chem. 240:2951 (1965). One unit of transglutaminase activity is defined
as the amount of enzyme that catalyzes the formation of 1 micromole of hydroxymate per minute under the assay
conditions.

[0066] Experimental results are summarized in Table 1. The concentration of proteins in the recovered whey de-
creased with increasing dosage of transglutaminase. Comparedto the control sample which had no added transglutam-
inase, up to 26 percent of whey protein was incorporated into cottage cheese curd. Figure 5 shows the relationship
between the activity of transglutaminase added to milk and the concentration of proteins in the whey. Of course, de-
creasing whey protein in the whey corresponds to increasing whey protein in the curd. In addition to the incorporation
of whey proteins into curd that caused a significant increase in the yield of curd, the firmness of cottage cheese curd
was also significantly increased by the reaction of transglutaminase cross-linkage.

Table 1.
Effect of Transglutaminase (TG) Dosage on the Incorporation of Whey Protein into Cottage Cheese
No. Sample Proteins in Whey Proteins in Whey
(Aggp NM)* (%)
Mitk (g) TG (g)

1 225 0 0.30740.484

2 225 0.40 0.2564
0.404

3 225 0.80 0.2339
0.368

4 225 1.40 0.2257
0.355

*Whey recovered was diluted 10X for the assay. Data are mean values of triplicate measurements.

Example 2. Denatured Transglutaminase Has No Affect on Whey Protein Incorporation.

[0067] An analysis was performed to determine whether the effects of fransglutaminase on the incorporation of whey
proteins into cottage cheese required the transglutaminase enzyme to be active. The process for making cottage
cheese was carried out as described in Example 1 except that either denatured or active transglutaminase was added
to the culture as shown in Table 2. Additionally, the formed curd was cut after about 4 hours incubation at 32°C instead
of about 5 hours incubation as in Example 1. Protein concentration and transglutaminase activity was measured as
described in Example 1.

[0068] Resulis of the experiment are summarized in Table 2. This experiment further confirms that the decreased
protein concentration in recovered whey is caused by the cross-linking of transglutaminase. Heat denatured trans-
glutaminase had no effect on the incorporation of whey protein into cheese curd. The concentration of proteins in whey
recovered from the sample with the addition of heat denatured transglutaminase was the same as that of control
samples, indicating that the components in the inactivated enzyme sample had no effect on whey protein incorporation.
On the other hand, up to 23 percent of whey protein was incorporated into cottage cheese curd with the addition of
0.60 g of active transglutaminase (100 units/g).

Table 2.
Experimental Design and Results
No. Sample Proteins in Whey Proteins in Whey
(Aggo NM)”* (%)
Milk (g) TG (g)
1 400 0 0.73670.464

*Whey recovered was diluted 5X for the assay. Data are mean values of triplicate measurements.
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Table 2. (continued)

Experimental Design and Results
No. Sample Proteins in Whey Proteins in Whey
(Aggo NM)* (%)
Milk (g) TG (g)

2 400 0.60 (denatured) 0.7361
0.464
3 400 0.60 0.6577
0.351
4 400 0.60 0.5678
0.358
5 400 0.60 05776
0.364

*Whey recovered was diluted 5X for the assay. Data are mean values of triplicate measurements.

Example 3. Pilot Plant Testing of the Process for Incorporating Whey Protein into Cottage Cheese.

[0069] An analysis was performed of the ability of the process of the current invention to increase the amount of
protein incorporated in cottage cheese when carried out in a larger batch size. The process used was a modified version
of the process described in Example 1. The pilot plant process used for making cottage cheese consisted of the following
steps:

(1) Skim milk was pasteurized at about 72°C for 15 seconds.

(2) A starter culture was prepared by inoculating the pasteurized milk with a lactic acid- producing culture at 22°C
and incubating overnight.

(3) The starter culture (12.7 kg) was mixed with 215 kg of pasteurized skim milk at 32°C.

(4) During the process of fermentation, transglutaminase (0.68 kg enzyme powder dissolved in 2.8 kg water) was
added to the sample and the sample was mixed.

(5) The samples were incubated at 32°C for about 4 hours to lower pH to about 4.70.

(6) Curd was cut and incubated undisturbed for 30 minutes.

(7) Temperature was increased from 30°C to 55°C over a period of about 120 minutes.

(8) The curd was drained then washed with water twice.

(9) The washed curd was drained, weighed, and mixed with dressing (prepared as shown diagrammatically in
Figure 3) to make the final cottage cheese product.

[0070] Control samples were processed as above except that no transglutaminase was added. The activity of the
transglutaminase used in this experiment was 100 Unit/g enzyme powder. Moisture content was determined using a
vacuum oven test. For this test, the weight of curd was determined before and after drying the curd in a vacuum oven.
[0071] Protein concentrations and transglutaminase activity were determined as described in Example 1. Whey sam-
ples were filtered to remove fine particles and diluted 10X before determining their protein concentration by the Lowry
assay. Protein composition of curd and whey fractions were analyzed by Coomassie blue R-250 staining of proteins
separated by electrophoresis on 16.5% SDS polyacrylamide gels, according to the method of Laemmli, U.K., Nature,
227:680 (1970). A typical gel is shown in Figure 4 for both inventive curd and whey and for the control curd and whey.
[0072] Transmission electron microscopic analysis was performed using standard procedures known in the art, as
described in HAYAT's Principles and Techniques of Electron Microscopy, Litton Educational Publishing, Inc. The sam-
ples were counterstained with osmium tetroxide (0SO,) and analyzed using a ZEISS model EM10 transmission elec-
tron microscope. Figure 6 provides typical electron micrographs of cottage cheese curd produced.

[0073] Results of the experiment are summarized in Table 3. Compared to control samples (i.e., no added trans-
glutaminase), 23 percent of whey protein was incorporated into the cottage cheese curd in samples containing added
transglutaminase. The incorporation of whey proteins into curd caused a significant increase in the yield of curd (39.6
kg vs. 31.7 kg). Total curd solids recovered from transglutaminase-treated milk was 26 percent greater than that from
control sample. The application of transglutaminase to cottage cheese production, therefore, yields significant produc-
tivity savings.
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Table 3.

Differences Between Transglutaminase-treated Sample and Control

Transglutaminase Treated Control
Proteins in Whey (Aggo nm)* 0.212 0.276
Curd Obtained (kg) 39.6 31.7
Moisture in Curd (%) 781 78.4
Total Solids in Curd (kg) 8.67 6.85

* Protein content in the whey samples was 3.87% for the control sample and 2.97% for the transglutaminase-treated sample, according to this assay.
Data are mean values of triplicate measurements.

[0074] In addition to the increase in curd yield, the texture of cottage cheese curd was significantly improved (i.e.,
increase in firmness) by transglutaminase cross-linking. Analysis of the microstructure of curd samples indicated that
transglutaminase-treated curd contained smaller protein particles with less empty space between the particles (see
Figure 6). This reduced empty space (both at the edges and the body of the curd) likely contributes to the reduced rate
of syneresis and the unique texture of the cottage cheese of this invention. Thus, it appears that transglutaminase
cross-linking significantly effects both the microstructure of the curd and the incorporation of whey protein in the curd.
It also appears that the less-fragile curd resulted in fewer fine particles of curd being lost in the whey. A cooked egg-
white-like texture was produced with the cross-linking using transglutaminase. The texture is very unique for curd. The
significantly firmer texture of curd formed from transglutaminase-cross-linking reduces the need for gentle handling of
curd during the initial stages of cooking, resulting in a more robust process.

[0075] Figure 4 shows the protein profile of curd and whey recovered from the pilot plant process and a control
process without added transglutaminase. Compared to whey recovered from control samples, whey recovered from
transglutaminase-treated milk contained fewer proteins, especially caseins. Based on the small amount of proteins
remaining in the whey of transglutaminase-treated samples (Figure 4, lane 2), it may be difficult to incorporate further
B-lactoglobulin and/or a-lactobumin into curd. Transglutaminase treatment produced protein polymers with a wide
range of molecular weights (Figure 4, lane 1). These polymers likely contribute to the unique texture of the cottage
cheese curd obtained. The texture of cheese curd, therefore, can be adjusted by controlling cross-linking conditions.

EXAMPLE 4: Effect of Transglutaminase Dosage on the Incorporation of Whey Protein into Cream Cheese.

[0076] An analysis was performed of the effect of transglutaminase on the incorporation of whey protein into cream
cheese. The process used for making cream cheese consisted of the following steps:

(1) Cream-added milk was homogenized in two stages at a pressure of 1600 psi (11032 kPa) in the first stage and
500 psi (3447 kPa) in the second stage and pasteurized at about 72°C for 15 seconds. The milk/cream ratio was
0.743 / 0.257. The full fat milk contained 12.0% solids, 88.0% moisture, 3.6% fat, and 3.2% protein. The cream
contained 45.5% solids, 54.5% moisture, 41.0% fat, and 2.0% protein.

(2) The pasteurized cream-added milk was inoculated with 0.75 percent volume of a bulk culture of a lactic acid-
producing culture at 25°C.

(3) During the process of fermentation, transglutaminase was added to the samples at the quantities shown in
Table 4.

(4) The samples were incubated without disturbance at about 25°C for about 17 hours to lower pH to about 4.50.
(5) The coagulum was stirred and the sample was heated to 80°C and held for 30 minutes.

(6) The curd was separated from the whey by centrifugation at 1500 rpm for 10 minutes.

[0077] Protein concentrations and transglutaminase activity was determined as described in Example 1. Recovered
whey was diluted 10X for protein concentration determinations. Control samples were prepared using a process iden-
tical to that described above except that no transglutaminase was added or the added transglutaminase (20 percent
w/v) was heat denatured by heating to 85°C for 10 minutes before addition to the pasteurized milk. The percent of
whey protein incorporated into transglutaminase-added samples was determined by subtracting the Aggq of whey sam-
ples from processes where active transglutaminase was used from the Aggq of whey samples from processes where
heat-treated transglutaminase was used and dividing the remainder by 0.373.

[0078] Resulis of the experiment are summarized in Table 4. The concentration of proteins in the recovered whey
decreased with increasing dosage of transglutaminase. Compared to control samples without added transglutaminase,

10
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up to 19 percent of whey protein was incorporated into cream cheese curd. Heat denatured transglutaminase had no
effect on the incorporation of whey protein into cheese curd. The concentration of proteins in whey recovered from the
sample with the addition of heat denatured transglutaminase was the same as that of control samples without added
transglutaminase, indicating that the components in the inactivated enzyme sample had no effect on whey protein
incorporation. A number of benefits were found with the addition of transglutaminase during the cream cheese man-
ufacturing process, in addition to the increased utilization of starting milk protein. For example, the incorporation of
whey proteins into curd caused an increase in the yield of curd. In addition, the firmness and viscosity of cream cheese
curd was significantly increased by the transglutaminase cross-linkage.

Table 4.

Effect of Transglutaminase (TG) Dosage on the Incorporation of Whey Protein into Cream Cheese
No. Sample Proteins in Whey Whey Protein Incorporated
Milk (g) TG {g) (Aggo NmM)* (%)

1 500 0 0.373 0.0
2 500 0.40 0.375 0.0
(heated)
3 500 0.20 0.347 7.0
4 500 0.40 0.322 14.2
5 500 0.80 0.315 18.2
6 500 1.50 0.331 19.3
7 500 1.50 0.403 0.0
(heated)

* Whey recovered was diluted 10 X for the assay. Data are mean values of triplicate measurements.

Example 5. Pilot Plant Testing of the Process for Incorporating Whey Protein into Cream Cheese.

[0079] An analysis was performed of the ability of the process of the current invention to increase the amount of
protein incorporated in cream cheese, when carried out in a larger batch size. The process used was a modified version
of the process described in Example 4. The pilot plant process used for making cream cheese consisted of the following
steps:

(1) Cream-added milk (1362 kg total, 997 kg milk mixed with 365 kg cream) was homogenized in two stages, at
a pressure of 1600 psi (11032 kPa}) in the first stage and 500 psi (3447 kPa) in the second stage, and pasteurized
at or above 72°C for 15 seconds.

(2) The pasteurized cream-added milk was inoculated with 0.75 percent volume of a bulk culture of a lactic acid-
producing culture at 25°C.

(3) During the process of fermentation, 2.0 kg of transglutaminase dissolved in 10 kg of water was added to the
sample.

(4) The samples were incubated without disturbance at about 25°C for about 17 hours to lower pH to about 4.50.
(5) The mixture was heated to about 82°C by pumping it to a plate heat exchanger.

(6) The mixture was then pumped to a separator (Model #KSA6-01-076, Westfalia Separator, Inc., Northvale, NJ)
and separated at 82°C.

(7) A slurry of whey, salt, and/or gum mixture was added to the separated curd and moisture was adjusted to 60
percent.

(8) The sample was homogenized at 0 psi (0 kPa), 1500 psi (10342 kPa), 3500 psi (24132 kPa), and 5000 psi
(84474 kPa).

(9) The sample was hot filled and stored at 4°C after 15 minutes incubation after filling.

[0080] Protein concentrations in the cheese samples were determined using the Kjeldahl method (Bradstreet, R.B.,
"The Kjeldahl Method for Organic Nitrogen," Academic Press, Inc., New York, NY (1865); Official Methods of Analysis,
14t Ed., AOAC, Arlington, VA, Methods No. 2,057, 24.038 - 24.040 (1985)) using a KJELTEG AUTO 1030 Analyzer
(Fisher Scientific, ltasca, IL).

[0081] Protein concentrations in the whey samples recovered were determined using the Lowry assay (Lowry, O.H.,

1"
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Rosebrough, N.G., Farr, A.L. and Randall, R.J., "Protein measurement with Folin phenol reagent," J. Biol. Chem. 193:
265 (1951)). Transglutaminase activity was determined as described in Example 1.

[0082] Recovered whey was diluted 10X for protein concentration determinations. Control samples were prepared
using a process identical to that described above except that no transglutaminase was added. The percent of whey
protein incorporated into transglutaminase-added samples was determined by subtracting the Agg, of whey samples
from processes where active transglutaminase was used from the Aggg of whey samples from processes where heat-
treated transglutaminase was used and dividing the remainder by 0.274.

[0083] Moisture content was determined using a vacuum oven test. For this test, the weight of curd was determined
before and after drying the curd in a vacuum oven.

[0084] Viscosity of the samples was measure at 4°C using a Viscometer (Model HAAKE VT550, HAAKE Inc., Karl-
sruhe, Germany). Syneresis was measured after a 20-hour incubation at room temperature by determining the amount
of moisture phase separated from the sample during the incubation period. For this measurement, the cheese sample
in an 8 oz (236.6 mi) cup was cut in the middle and half of the sample removed completely to the bottom of the cup
and its weight measured. After incubation, the moisture phase was removed and the net change in weight is the amount
of moisture separated. The rate of syneresis = net change in weight divided by the original weight of the sample after
cutting.

[0085] Fat concentration was determined by a standard method as described in the AOAC 16th Ed., 4th Revision,
March 1998, method #33.7.17. Lactic acid concentration was determined by using an enzyme/spectrophotometric
assay with a Boehringer Mannheim (Indianapolis, IN) test kit.

[0086] The process used for making cream cheese in the pilot plant for this experiment is shown in Figure 9. Results
of analysis of whey remaining after the manufacture of cream cheese using this pilot plant process are shown in Tables
5 and 6. Compared to control samples, which were manufactured without the addition of transglutaminase, 13.5 percent
of whey protein was incorporated into cream cheese curd for the sample treated with transglutaminase (Table 5).
[0087] In addition to the incorporation of whey proteins into curd which caused an increase in the yield of curd, the
texture/viscosity of the cream cheese curd was also significantly improved by the transglutaminase cross-linkage.
Without post homogenization, the viscosity of transglutaminase-treated samples was 5.5 times greater than that of
control samples. Cross-linking of proteins also minimized syneresis of the final product. The syneresis rate of the final
product was decreased about 50 percent in the cream cheese curd prepared with the addition of transglutaminase.
The increase in product viscosity and decrease in syneresis were further confirmed by repeated pilot plant experiments
(data not presented). With the incorporation of whey protein as well as increased moisture in the sample of trans-
glutaminase-treated milk, its fat content was lowered. In addition, the transglutaminase-treated sample contained less
lactic acid, which should improve the flavor of the final product.

Table 5.

Incorporation of Whey Protein into Curd by Transglutaminase (TG) Treatment

Sample Proteins in Whey Whey Protein Incorporated (%)**
(Average*; Aggo NM)
Transglutaminase Treated 0.237 13.5
Control Sample 0.274 0.0

*Data are mean values of duplicated measurements.
** The rate of whey protein incorporation = (Aggq control - Aggg TG-treated)/0.274.

Table 6.
Characteristics of Soft Cream Cheese Prototypes from Pilot Plant Experiment”
Homog. Moisture | Viscosity | Syneresis Fat | Acidity | Lac. Acid | Proteins

(Psi)[kPa] (%) (Pa) (%) (%) (%) (%) (%)

A 0[0] 61.1 3637 6.0 28.2 0.74 0.46 6.3
5000[34474] 60.4 5912 55 28.8 0.7 0.42 6.3

B 0[0] 58.9 656 11.1 31.0 0.79 0.49 59
5000[344741 58.4 5226 10.2 31.9 0.78 0.51 6.3

* Data are mean values of duplicate measurements.
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[0088] In addition to the effects of transglutaminase addition, the process of homogenization of the curd had signif-
icant effects on product texture and syneresis. As shown in Figure 7, product viscosity increased with increasing ho-
mogenization pressure as expected. In addition, as mentioned above the viscosity of transglutaminase-added products
was greater than that of control samples. In addition, the viscosity of transglutaminase-treated samples was almost
linearly proportional to the pressure of homogenization, indicating that cross-linked protein conjugates are compatible
with the fat globule and curd matrix.

[0089] The homogenization pressure applied to formed curd, however, had fewer effects on the rate of product sy-
neresis. No significant change on the rate of syneresis was observed for control samples or transglutaminase-treated
samples with increasing homogenization pressure (Figure 8). As found in experiments described in previous Examples,
transglutaminase-treated samples had reduced syneresis compared to control samples. The results reported in this
Example support the conclusion that the process of the current invention produces firmer cream cheese products with
minimized syneresis.

[0090] Throughout this application, various patents, publications, books, nucleic acid and amino acid sequences
have been cited. The entireties of each of these patents, publications, books, and amino acid sequences are hereby
incorporated by reference into this application.

Claims
1. A process for making a cheese product comprising:

(i) providing a dairy liquid comprising dairy proteins;

(i) crosslinking and curding the dairy liquid by adding an acidifying agent and a transglutaminase to the dairy
liquid for a crosslinking and curding time, and under crasslinking and curding conditions, sufficient to crosslink
at least a portion of the dairy proteins and to form a curd and a liquid whey;

(i) disturbing and heating the curd;

(iv) separating the curd from the liquid whey; and

(v) collecting the curd.

2. Aprocess according to claim 1, wherein the acidifying agent is added before or after the transglutaminase during
step (ii).

3. A process according to claim 1 or claim 2, wherein the process further comprises heating the crosslinked dairy
liquid after step (i) and before step (iii) at an inactivation temperature and an inactivation time sufficient to inactivate
the transglutaminase.

4. Aprocess according to any one of claims 1 to 3, wherein the acidifying agent is a culture containing a lactic acid-
producing microbe and no conventional/milk clotting/renneting enzyme is used in the process.

5. Aprocess according to any one of claims 1 to 3, wherein the acidifying agent is a food grade acid and no conven-
tional/milk clotting/renneting enzyme is used in the process.

6. A process according to any one of claims 1 to 5, wherein the crosslinking and curding time is the time required to
bring the pH of the dairy liquid to a pH of about 4.2 to about 5.2..

7. A process according to claim 6, wherein the cheese is a cream cheese and the dairy liquid comprises cream and
a dairy ingredient selected from milk, reconstituted dry milk, concentrated milk, whey, whey protein concentrate,
and milk protein concentrate.

8. A process according to claim 6 or claim 7, wherein the cheese is a cream cheese and the crosslinking and curding
time is from about 1 hour to about 24 hours and the crosslinking and curding conditions comprise a temperature

of about 18 to about 55°C.

9. Aprocess according to claim 7 or claim 8, wherein in step (iii) the heating is performed by bringing the temperature
of the curd and whey to about 55 to 80°C for about 1 to 60 minutes.

10. A process according to claim 6, wherein the cheese is a cottage cheese and the dairy liquid is selected from the
group consisting of milk, concentrated skim milk, reconstituted nonfat dry milk, whey protein, and milk protein
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concentrate.
A process according to claim 6 or claim 10, wherein the cheese is a cottage cheese and the crosslinking and
curding time is from about 1 hour to about 14 hours and the crosslinking and curding conditions comprise a tem-

perature of about 15 to about 55°C.

A process according to claim 10 or claim 11, wherein in step (iii) the heating is performed by increasing the tem-
perature of the curd and whey from about 30 to about 60°C over a period of about 15 to about 250 minutes.

A process according to any one claims 1 to 12, wherein the transglutaminase is selected from a group of trans-
glutaminases isolated from a bacterial source, a fungus, a mold, a fish, and 2 mammal.

A cheese product provided by a process according to any one of claims 1 to 13.

14
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Description
Technical Fisld:

{0001} The present invention relates to a fat and oil composition containing B-glucans extracted from a plant of the
Gramineae family. More particularly, it relates to an edible fat and oil composition which s uniformiy dispersible in fats
and oils and can be used in foods and the like as dispersed in fats and oils to sasily supply B-glucans having bioregulatory
functions and which is uniformly dispersible throughout a food o improve the tastse, texture, ete. of the food and to
facilitate development of flavor of the food.

Background Art:

{00021 p-Glucans are matarial altracting attention for applications bacause of thair excallent bicregulatory functions
that have racently been analyzed, such as lipid metabolism improving action, intestinal regulatory action, and biood
sugar controlling action. Broad appiication of such material {0 processed foods will bring extreme benefits, not only
contributing to enhancement of funclionality of processed foods (addition of value) but matching the expectation of
contribution to public heaith maintenance. B-Glucans are contained in graminacus plants. §-Glucan oceurring in grami-
neous plants, forexample, barley and oats are components making cell walls of endosparms in seeds and are distributed
almost throughout the seeds. A B-glucan content in barley flour is generally 3 to 10% by weight, while varying according
o the parts or species. Structurally, B-glucans are glucose poivmers mainly constructed through 1-3-p- and 1-4--0-
glucopyrannsea bonds.

[6003] JP 09 009 890 discloses the production of a fine particuiate gel useful in food by using §-1,3-giucan. US
4,231,802 disclosas a method of preparing powders and granules capable of forming a stabilized micro-dispersion of a
difficuit to disperse material in coid water. This method comgrises mixing the difficult to disperse material in liquid form
with @ matrix comprising by weight from about 70 to about 99 parts of disintegrated B-1,4-glucan. WQ 01 30359 discloses
a cholesterci lowering and blood lipids lowering composition which can contain f-glucan. WO 98 25198 discioses
foodstuffs and drink mixes containing extruded fiber-containing intermediates which can contain §-glucan. WO 94 21128
discloses fat-raduced laminated doughs which can contain B-glucan.

[6004] In manufacturing processed foods added with or enriched in B-giucans, for example, foods added with or
enriched in baray f-glucans, conceivable methods of foriification include (1) addition of barley grains or fiour and {2)
addition of B-giucans extracted from barley bran or grains. According to the method {1}, it is relativaly sasy to fortify with
B-glucans by adding barley grains or barley flour to a raw material mix which mainly comprises wheat flour and has been
used in the manufacture of confectionery products. Nevertheless the method is problematical in that the fi~giucan content
in the food that can be reached by fortification is tad since the f-glucan content in the added barley grains or flour is
about 10% by weight at most and that such addition of barley grains or flour can impair the taste or texture or cause
uneven baking thereby to reduce product vaiues. Addition of barley bran that contains B-giucans and other functional
components in larger properiions may be conceivable. Howavar, addition of bran is more problematical, easily causing
reduction of taste and textura and uneven baking, which results in reducad commarcial valua. Besides, where addad to
liguid substances such as fats and oils, barley grains, barley flour and barley bran are difficult to mix and disperse
uniformiy. i is very difficult to preparae satable fat and oil compositions containing these materials.

f00058]  To the contrary, the method (2} which utilizes extracted B-glucans is useful and advantagaous in that a B-glucan
content in a processed food is arbitrarily adjustable. However, if barley fi-glucans, which have high water absorption, is
added as such to a raw material mix mainly comprising wheat flour and kneaded with water, they easily form lumps.
Such lumps make the mix non-uniform, leading to reduction of quality in taste and textura. Although it is possiole to
obiain foods having B-glucans disparsed therein refatively uniformiy by adding berley B-glucans as previously dissolved
in water to & raw material mix {mostly powdered), this method has poor workability and impracticability in the site of
manufacture because it is not easy to prapare a uniform aqueocus solution. That is, it takes time to disscive, and the
resulting aquecus solution is viscous. in the manufacture of foods added with extract containing B-glucans obtained
from graminaous plants such as barley, it has therefore been awaited to astablish a process for uniformly dispersing B-
glucans in afood to conveniently provide a processed food or to develop such B-giucan materials originated in gramineous
plants.

[0008] On the other hand, quality modifiers have been in use for a variety of purposes, such as improvement of taste
or texture of foods, processing capabilities, cooking capabiiities, and workability in food production steps.

[0007] Forinstance, in the production of bakery product dough it is a practice {o use an agent for modifying stickiness,
softness or hardnass of dough 1o improve workability in dough praparation or shaping. For baking, too, it is required to
use modifiers contributory to improvements on product values, such as improvement on volume and springiness and
elimination of a bumpy rough surface developed on the baked products. For preservation or storage of bakery products,
it is a subject to prevent or retard hardening and deterioration of physical proparties, such as textura, with time after
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haking, and modifiers have been developed o address the subject. For frozen dough, modifiers are indispensable
additives for imparting freeze resistance to dough. To meet these purposes, various food additives have been used,
including emuisifiers, such as polyglycerol fatty acid esters, fatly acid monoeglycerides, and lecithin; oxidizing agents
acting to enhance ghiten network; enzymes, such as c-amylase and protease sarving to modify gluten network; fats
and oils containing the components recited above; saccharides, such as soritol and trehalose; thickening polysaccha-
rides, such as xanthan gum and pectin; and gelatinized starch (w-starch).

{06008] Under thesa circumstances, today’s consumars are highly concerned about safety while pursuing good taste
and texture. There is a visible tendency o avoid synthetic additives and seek naturally-cccurring substances. it has
therefore been keenily desired to establish methods for settiing the problems associated with focds by minimizing the
amounts of the above-recited additives that may impair taste or texture or hinder manifestation of flaver, particularly
synthetic emuilsifiers but by using, if possible, only naturally-occurring substances; and to deveiop additives based on
naturally-occurring substances.

[00081  Accordingly, an object of the prasent invention is to provide a -glucan-containing fat and oil compaosition which
is capable of suppiving B-glucans having excelient bioraguiatory functionality without impairing taste and taxture.

Disclosure of the invention:

[0010] The present invention provides a P-glucan-containing fat and oil composition characterized by containing -
glucans extracted from a gramineous plant.

[0011}  Theprasant invention provides the §-glucan-containing fat and ol composition which contains a f-glucan having
at least two kinds of bonds selescted from a 1-2-B-D-glucopyranose bond, a 1-3-B-D-glucopyranose bond, a 1-4-3-D-
glucopyranose bond, and a 1-8-3-D-glucopyranose bond.

fO042] The presentinvention providaes the f-glucan-containing fat and off composition which contains a §-glucan having
a 1-3-B-D-glucopyranose bond and a 1-4-3-D-glucopyranose bond.

{0013} The prasent invention provides the B-glucan-containing fat and oll composition, wharein the gramineous plant
is barley or cats.

{60141 The present invention provides a food containing the f-glucan-containing fat and oil composition.

[00158] The present invention provides a fat and ofl emulsified composition containing the B-ghican-containing fat and
oii composition.

feg16] The presant invention provides a bakery preduct containing the B-giuc
{00171 The prasant invention provides a confectionary product containing the
sition.

{0018] The present invention provides a food having a prophylactic action for habitual diseases (or life style-related
dissases) containing the B-glucan-containing fat and oif compuosition.

[0018] The present invention provides a drug having & prophylactic action for habitual diseases containing the -
glucan-~-containing fat and oil composition.

fe020}] The present invention provides a precessed rice, wheat, maize or soybean product containing the B-glucan-
containing fat and oil composition.

[0021] The present invention provides a liquid food containing the f-glucan-containing fat and oif composition.
{00221 The present invention provides a processed food mainly comprising starch and containing the B-glucan-con-
taining fat and oif compaosition.

an-containing fat and oil composition.
glucan-containing fat and oii compo-

B

Best Mode for Carrying out the Invention:

f0023] Tha present invention will be described hereundar in detail. B-Glucans extracted from graminesous plants (hera-
inafter also referred to as "extracted 3-glucans” or "B-glucan extract”) which can be used in the fat and ol compositior
gecording o the present invention are not particularly restricted in the mannar of extraction. An exiracting solvant is
added to a graminacus plant as a feed for axiraction, and the plant is extracted. Any axiract can ba usad irrespectiva
of the extracting method, form or purity. For example, an extract layer per se obtained by solid-liquid separation, a liguid
or solid B-glucan concentrate ohiained from the extract layer in a conventional manner, and a liquid or solid with increased
purity prepared from the extract layer with a conventional purification means are included. It is no problem if the extract
contains extractad components other than B-glucans. In the present invantion, all these substances are called "p-glucans
extracted from a graminecus plant”.

{00247 Gramineous plants include ceraals, such as rices, wheais, maizes, sorghums, bamyard millets, foxiail millats,
millsts, harleys, cats, and ryes. While & whole plant can be used as a feed for axtraction, seads having relatively high
B-glucan contents are preferred. Any of whole grain flour, bran by-produced in grain polishing, maklt, germs, and an-
dosperms can be used. Preferred feeds inciude whole grain flour of barleys or oats, endosperms separated from an
cutar part of graing of barleys or cats by polishing, brans generated from barleys or oats in polishing, rica bran, and
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brans and germs separated form wheat or maize by polishing. Still preferred feeds are whole grain fliour of barleys or
oats, endosperms separated from an outer part of grains of barleys or cats by polishing, and brans generated from
barleys or cats in polishing.

[0025] it is preferred for the B-glucans of the present invention extracted from graminaous plants to comprise a -
glucan having at isast two kinds of bonds selected from & 1-2-3-D-glucopyranose bond, a 1-3-8-D-glucopyranose bond,
a 1-4-3-B-glucopyranosa bond, and a2 1-6-§-D-glucopyranose bond. it is preferrad for the B-glucans of the present
invention to contain a f-glucan having a 1-3--D-glucopyranese bond and a 1-4--D-glucopyranase hond.

{8028] The method for extracting B-glucans of the prasent invention from gramineous plants is described below. Tha
B-giucans according to the present invention are water-soluble polymers and capable of being dissoived in water. They
are separated by extracting, for example, grain fiour of a graminecus plant with 2 to 100 times as much solvent, such
as water, warm water, hot water, a salt solution, an aguecus acid or alkali soiution or an organic solvent, at an arbitrary
temperature for an arbitrary period of time. The extraction system is subjected to solid-liquid separation to cbtain §-
glucans. B-Glucans cbtained by extraction with water, warm water or hot water ara preferred. Those extracted with warm
water at 4 to 80°C ara still preferred. An extraction accelerators and the like may be added in axtracting.

{80271 More specifically, methods for obtaining high-molecular-waight f-glucans from barlay, etc. include a mathod
in which waxy barley is exiracted with water (JP-B-4-11187}, a method of obtaining B-glucans having a weight average
molacular weight of 100,000 to 1,000,000 from barley or cats which comprises alkall extraction, nautralization, and
precipitation in an alcohol (JP-B-8-83852), and a method of axiracting B-glucans in which bran separated by polishing
barley, etc. to a polishing vield of 82% or less is extracted with hot water at 80 1o 80°C (UP-A-11-225706). Low-molecular-
weight B-glucans obtained by conventional molecular weight reduction of the §-glucans obtained by thase methods are
also useful. Any known reactions for hydrolyzing polysaccharides is adoptable for molecular weight reduction of -
glucans. For example, it is known that water-soluble polysaccharides are hydrolyzable by heat and pressure application
in the presence of an acid. This is mada use of for molecular weight raduction of B-glucans. Molecular weight reduction
making use of anzymatic hydrolysis is also effective. Useful enzymes include 1,3-B-glucanassa. B-Glucans obtained by
directly extracting a grain raw material by the method disclosed in W098/1305€, Japanese Patent Application No.
2000-287920, etc. are also usable. The extraction accelerators and the like described in Japanese Patent Application
No. 2000-295680 can be usad.

[0028] The B-giucans sextracted from a gramineous plant which can ba used in the present invention are high-molacular
compounds. While f-glucans having any weight average molecuiar weight are usable, those having a molecuiar weight
of iess than 3,000,000, preferably less than 500,000, still preferably less than 100,000, are suitable because the com-
patibiiity with fat and off increasas as the molecular weight decreases. The molecuiar weight of extracted B-glucans may
be reducad in a conventional manner to have improved compatibility with fat and oll, or low-molecular f-glucans may
be direcily obtained by extraction.

{80281 The fats and oils or fat and oil compositions in whish the B-glucans extracted from a gramineous plant ara
dispersed ara not particularly limited and include soybean oil, rapeseed oil, mustard oll, cotion seed oil, safflower oil,
sesame oil, corn oil, peanut oil, kapok oil, surnflower oii, rice ofl, rice bran oil, coconut oil, paim oil, palm kernel oil, linseed
oil, castor cil, olive oil, cocoa butier, tung oll, camellia of, illippe butter, Borneo taliow, Mowrah, sal butter, borage cil,
lauric acid fat and oil, hard butter, shaa butter, cleic acid-lincleic acid fat and oil, arucic acid oil, linclanic acid oil, conjugate
acid oil, oxyacid oil, Cupheaoil, crambe (Crambe abyssinica) seed oil, meadowfoam oil, lesquerella (Lesquerella fenderli)
sead oil, macadamia oil, evening primvrosa (Oenothera bignnis and Qencthera lamarkiana) seed oil, oif of saeds of
horage (Borage officinalis) from the Boraginaceae family, off of seeds of amaranth {Amaranthus L.; an annual plant of
the Amaranthaceae family), pine seed cil, avocado oil, grapeseed oil, oil of dry microbial celis of the filamentous fungus
Mortierefla aipina, lipid of dry microbial cells of Labyrinthulae belong to Xanthephyta, lipid of dry microbial cells of
Schizochyfrium sp. belonging to Labyrinthulomycota, lipid of Crypihecodinium cohnii, butter lipid, ghee butter, milk fat,
peef tallow, lard, sheap tallow, fats and oils of other land animals, fish oif, whale oil, codiiver oil, fats and olls of other
marine animals, short chain fatty acid-containing fats and oils, middie chain fatty acid-containing fats and oils, y-oryzanoi,
r-linclanic acid-containing fats and oils, ni-linclenic acid-containing fats and oils, docosahexaencic acid (BHA)-containing
fats and oils, sicosapentaencic acid (EPA)-containing fats and oils, plant sterol-containing fats and oils, trans acid-
containing fats and oils, hydroxy acid-containing fats and oils, conjugated fatty acid-containing fats and oiis, polyphenol-
containing fats and oils, phospholipid-containing fats and oils, sphingolipids, tocotrienci-containing fats and oils, sitostanol
fatty acid-containing fats and oiis, n-3 polyunsaturated fatty acid-containing fats and oiis, diglycerides, and othar vegetable
or animal fats and oils; processad oils derived from these fats and oils according to necassity, such as hydrogenatad
oils, slightly hydrogenated oils, hydrogenation isomerized oils, interesterified oils, and fractionated oils, fats and oils
processed by two or more of these procasses, and mixturas of two or more of these processed fats and oils. Additionally,
disperse systems using thesa fats and oiis as a dispersing medium or a dispersoid, such as emulsions {including W/O
amulsions, O/W emuisions, double emulsions, Le., G/W/Q emulsions and W/OW emulsions, and more complex multipls
emulsions} and suspensions are also useful (such disperse systems will hereinafter be included under the category "fats
and oils"). Further, foods containing the abova-recited fats and oils are also designated "fat and oil compaositions” in the

=
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present invention.

[0030] When added to fats and oiis, the form of f-glucans extracted from a gramineous plant is not particular
and can be added as such or as dissolved in watar or any other water-soluble solvent. in preparing §-glucan-containing
emulsions, B-glucans may be dispersed in a previously prepared fat and oil emulsion or be dispersed at the time of
emulsification. Addition of B-giucans can be carried cutwith no difficulty nor fall whether the fat and oil is liguid oil or solid fat.
{80341 The fat and cil composition containing §-glucans extracted from a gramineous plant is obiained by adding B~
glucans extracted from a graminecus plant to fat and il or a fat and oil composition, followed by mixing. Mixing means
are not particularly limited, and mixing devices, such as a mixer, can be used. In particular, mixing p-glucans extracted
from a gramineous plant with fat and oil or a fat and ol composition and keeping the mixture at 50°C or higher for a
given time, preferably § minutes to € hours, still preferably 10 minutes to 2 hours, give a fat and ol composition in which
the B-glucans exiracted from a gramineous plant is uniformiy or thoroughly comgpatible with the fat and oil. In foods
produced by using the i-glucans extracted from a gramineous plant which are in a thoroughly compatible state with fat
and oll, the §-glucans of & graminecus plant origin are dispersad more uniformiy than in foods produced by diractly
adding B-ghucans extracted from a graminecus plent. As a result, there ara produced remarkable effects such that the
taste or texture is not impaired, reduction of flavor due t© an emulsifier is unexpectedly suppressed, and manifestation
of the flavor of a food is improved.

f0032] tis afeature of tha fat and oil composition of the present invention that B-glucans are very uniformiy dispersad
in fat and oil by use of various mixing, kneading or stirring machinas described later.

{00331 Where the fat and oil composition is composed of an oily phase and an agueocus phase as with an emulsion,
while it is possible to add B-glucans extracted from a graminacus plant to eithar the oily phasa or the agueocus phassa,
it is preferred that the axtracted components of graminacus plant origin be first disparsed completely in the cily phase
and then mixed with the aguecus phase so that the §-glucans extracted from a gramineous plant may exhibit satisfactory
compatibility with fat and oil ic give & homogeneous fat and oil composition. Thus, & fal and oii composition containing
B-glucans extracted from a gramineous plant can be obtained in a short tima.,

{0034} Where B-glucans extracted from a gramineous plant are incorporated into a water-in-oil emuision, a plasticizad
water-in-oil emulsion, etc., addition of B-glucans extracted from a gramineous plant may be followed by emulsification,
or be simuitaneous with emulsification, or be preceded by emuisification as stated above, orbe precedad by plasticization.
in using solid fat, it may be softenad or liguafied by an appropriate method according to necessity, and B-glucans extracted
from a gramineous plantis then added thereto. inorderto highly uniformiy disperse -giucans extracted froma gramineous
plant, it is desirable that 100 paris by weight of powderad §-giucans and 10 o 50 parts by weight of edible fat and oil
are mixed, and the mixtura is then subjected to rolling or a combination of rolling and conching. Other raw materials, an
additional amount of oil, and the like may be added in this state to adjust the B-glucan content in the finally obtained fat
and cil compeosition.

{80358] The means for mixing P-glucans axtracted from a gramineous plant into fats and oils include various types of
machines for mixing, kneading or stirring. Examples are propeller agitators, oscillatory mixers, orifice mixers, paddie
agitators, agitation emulsifiers (homomixer), cutter mixers, cokneaders, conches, silent cutters, jet mixers, vacuum
agitators, screw mixers, static mixers, cutting mixers, sonicators, kneadars, rolls, Hydrossure, pipeline mixers, universat
mixers, pin machinas, homoganizers (high-prassure homoganizers), ball cutters, and ribbon mixers. it is preferred to
use an agitation emuisifier (homomixer) and/or a homogenizer (high-pressure homogenizer) at a product temperature
of 40° to 80°C. After mixing by agitation, the fal and oil composition containing f-glucans extracted from a graminecus
plant may be storad as obtained, or amulsified, or rapidly conled for plasticization. For plasticization, a votator, & com-
hinator, a perfector, a complector, Onreitor ate. can be used. Use of a pin machine at a product temperature of 10°C or
lower is preferred. It is also possible that ~giucans extracted from a gramineous plant is added to fat and oil having
been emulsified and then processed in a rapid cooling-plasticizing apparatus, such as a votator, a combinator, a parfector,
a complactor or & scraped-surface heat exchangar, and the mixture is treated by any of the above-described methods
to prepare a fat and off composition containing f-giucans extracted from a graminecus plant.

f0038] The content of B-glucans extracted from a gramineous plant in the fat and oil composition of the present invention
is desirably 0.01 to 50O parts by waight, preferably 0.1 to 150 parts by weight, still preferably 1 to 100 parts by weight,
per 100 paris by weight of the total composition except the B-glucans. Where the content of B-glucans extracted froma
gramineous plant is less than 0.01 part by weight, a final preduct tends to fail to exhibit the functional effects of the j3-
glucans. i it exceeads 500 parls by waight, the mixiure tends to become powdeary or lumpy irrespective of the kinds of
other ingradients, failing to provide an edible fat and oll composition having -glucans extracted from a gramineocus plant
uniformiy mixed and dispersed therein. Even after the mixture is processed into a final product, the lumps would remain
oniy fo cause non-uniform distribution of the extract.

{00371 Where an extract layer obitained by extracting a graminacus plant is used as such without being purified or
maraly after being powderized or solidified, the B-glucan purity of the exiract is preferably as high as possible. An
acceptable purity ranges 1 to 100%, and a preferred purity is from 10 to 100%, pariicularly 20 to 100%.

[0038] itis possibie to add, to the fat and off composition containing B-glucans extracted from a gramineous plant of
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the present invention, food additives or foods such as emulsifiers, geliing agents, thickeners, and stabiiizers o prevent
the B-glucans from getting distributed non-uniformiy due to aggiomeration into lumps in the compesition. The foods or
food additives are not particularly limited as far as they are adible. Exampias of the emuisifiers are lecithin, fatty acid
monoglycerides, sorbitan fatly acid esters, propylena glycol fatty acid esters, sugar esters, polyoxyathylene sorbitan
fatty acid esters, Tween, poiyoxyethylene sorbitan tricleate, polyoxyethylene sorbitan monocieate, polyoxyethylene
sorbitan monosiearate, polyoxyethylene sorbitan monopalmitate, and polvoxyethylene sorbitan monolaurate. Examples
of the thickeners and the stabilizers are puiiulan, ps N, gum arabiz, gelian gum, giucomannan, guar gum, xanthan
gum, tamarind gum, carrageenan, alginic acid salts, farceran, locust bean gum, pectin, curdlan, and low-molecular
compounds obtained from these substances, starch, processed starch, gelatinized starch, crystaliine cefiulose, gelatin,
dextrin, agar, and dexiran. Additional useful food additives or foods include saccharides, such as glucose, fructose,
sucrose, maltose, enzyme-saccharified sugar (thick mait syrup), lactose, reducing starch saccharification products,
isomerized liguid sugar, sucrose-coupled malt syrup, oligosaccharides, reducing sugar polydextrose, sorbitol, reduced
lactose, trehalose, xylose, xylitol, maititol, arythritel, mannitol, frucio-oligosaccharides, soybean coligosaccharides, ga-
lacto-oligesaccharides, lactosucrose-cligosaccharides, raffinose, lactuiose, palatinose-oligosaccharides, stevia, and As-
partame; stabilizers, such as phosphoric acid salts {e.g., hexametaphosphorates, secondary phosphates and primary
phosphates) and alkali metal (e.g., potassium or sodium) saits of citric acid; proteins, such as whey proteins, (e.g., a-
lactalbumin, p-lactoglobulin, and serum albumin}, casein and othar milk proteins, low-density lipoprotain, high-dansity
lipoprotein, egg proteins {e.q., phosvitin, livetin, phosphoglycoprotein, ovalbumin, conalbumin, and ovomucoid), wheat
proteins {(e.g., gliadin, glutenin, prolamine, and glutelin}, and other vegetable and animal proteins; inorganic saits, sucl
as sogdium chioride, rock salt, sea salt, and potassium chioride; souring agents, such as acetic acid, lactic acid, and
gluconic acid; colorants, such as R-carotin, caramei, and Monascus color; antioxidants, such as tocepherel and tea
extract; eggs, such as whole eggs, egg velk, egg white, and enzyme-processed eggs; cereals, such as bread flour, all-
purpose fiour, and caka flour; beans, such as soybaan powder; water, flavors, dairy products, seasonings, pH adjustors,
enzymes, food preservatives, shelf life axtendars, fruits, fruit juices, coffee, nut pastes, spices, cacac mass, and cocoa
powder. Two or mora of thase additives can be used in combination. The amounts of the additives to be added are not
particularly limited. They can be added in generalamountis, forexample, 0.01 to 15% by weightbased on the composition.
f0038]  The foods to which the fat and oil composition of the prasent invention s applicable will then be described. The
foods that can be used are those containing the aforementioned fat and oil composition containing B-glucans extracted
from a gramineous plant as a part or the whole of the fats and oils conventionally employed therefor or those containing
B-giucans extracted from a graminaous piant and fais and oils. Includad in such foods are not only fat and oil foods
exemplifiad by margaring and shortaning but any kinds containing fats and oils, such as bakery praducts, confectionery
products, processed rice products, procassed wheat products, processed maize products, procassed sovbean products,
health foods, and medicinal foods. The fat and oif composition containing §-glucans exiracted from a gramineous plant
according to the present invention can e usad as a substitute for a pait of, or the whola of, @ fat and oif compaosition
used in these foods according to conventional usage whether it is liguid (e.q., salad oi, fiving oil, and whipping cream),
sol (e.g., liquid shortening), pasty or emulsion {e.g., foamable emuisified fats, dressings, fat spreads, custard cream,
and dipping cream) or solid {e.g., shortening, margaring, candies, chocolates, and roux type curry sauce mixes).
[0048] Examples of products to which the fat and oil cornposition is applied include foods, food additives, cosmetics,
toiletries, and drugs. The foods include grain-related products, such as those containing wheat flour as a main ingredient
and those confaining rice as a main ingradient, such as bread, dessert braad, hot dog buns, and Danish pies; pancakes,
doughnuts, pizza, fempursg, and premixes thereof; cookies/biscuits and snacks; noodles, such as raw noodles, dry
nocdles, packaged instant noodies, instant cup noodles, udon noodles (white wheat noodles), buckwheat noodies,
Chinese noodles, rice nocdles, and pastas; rice products, such as beiled rice, rice cake, sterile boiled rice, retort pouch
boilad rice, nonglutinous rice flour, glutinous rice flour, dumpiings, rice crackers, and rice chips; and toppings.

[0041] The foods alse include confectionery products, eithar Japanese or Eurcpean, such as chocolatas, candias,
drops, chewing gums, baked confections, cakes, and sweet bean-jam buns.

f8042% Thefoods alse include processed meat products, such as ham, sausage, and hamburgs; and procassed maring
products, such as steamed fish paste, baked fish paste, fried fish paste, and fish sausage.

[0043] The foods also include dairy products, such as butter, cheese, ice cream, and vogurt.

[0044] The foods also include beverages, such as alcoholic beverages, e.q., beer, sake, whisky, brandy, sho-chu
{Japanease distilad lquor}, distilled Hguors, sparkling aicohol, wines, and fruit wines; coffes, tea, green tea, wooleng tea,
Chinese tea, cocoa, carbonated beverages, nutriticus drinks, sports drinks, coffee drinis, lactic acid beverages, fruit
juices, and fruit drinks.

[0045] The foods also include procassed fat and oil products, such as margarine, shortening, mayonnaise, and cream.
{00481 The foods also include seasonings and sauces, such as spices, dips, dressings for meat, salad dressings,
Worcester sauce, miso, S0y sauce, sauce mixes, e.4., curry sauce mixes and hashed beef sauce mixes; soups, such
as corn soup, potato soup, and pumpkin soup; jams, peanut butter; and toppings.

{00471 The foods also include preserved foods, such as cannad or bottied foods of fishes and shells, meats, fruits,
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vegetables, mushrooms, corned beef, jams, tomatoes, etc.; frozen foods; retort pouch foods, such as curry, stew, meat
sauce, ma-po tofu, stew of meat with vegetables, soups, and boiled rice; and powderad foods, such as instant powder
foods, e.g., powdered beveragas, powdered soups, and powdered miso soup.

{0048} Tha foods alsc includae special haalth foods, such as baby foods (e.q., weaning foods), invalid diets {e.9., liquid
diets), diets for the old, fat-reducing diets, and supplementary foods.

{00481 The foods also include microwave foods ready to be reheated or cooked.

{0058] The foods aiso include staple diets such as bread, noodles, and rice.

[0051] The foods also include those easy to take everyday or regulariy.

[0052] The foods also include those easy to add to other foods.

foN831  The foods also include those which tend o be insufficient, those necessary for holding biobalance, and those
which, when combined with other foods, result in better nutriment.

{00547 The foods aiso include those, when combined with other foods, result in a synergetic effect.

{00587 The fat and oif emulsified composition will be described in more detail.

{00581 The fat and oil emulsified composition according to the prasent invention is not particularly limited as long as
it comprises fat and oil, water, and B-glucans axtracted from a gramineous plant.

[6087] The extracted §-glucan content in the fat and oil emulsified composition is preferably 0.005 to 20% by weight,
still praferably 0.5 to 5% by weight.

[0058] The fat and ol emulsifiad composition includes oil-in-water {O/W) emulsions, water-in-oll (W/O) emulsions,
and double emulsions, Le., O/W/O emuisions and W/OAY emulsions, and more complex multiple emulsions. Specific
axamples of these emuisions are margaring, fat spread, bulter cream, custard cream, fiour pasts, whippad cream,
mayonnaise, dressings, white saucs, tartar sauce, milk creams (mainly comprising raw milk, milk or a residue aftar
removing compenents other than milk fat from milk) used in ice cream, cakes, etc. or with coffee, and cooking creams
{raw cream, crame chantily or creme fouetie, cream for entremets, cream for patisserie, butler cream, creme patissiere,
crema anglaise, and creme Saint Honore). These fat and oil emulsified compositions ara obtainad with excellentemulsion
stability, flavor, and texture. In the case of sour cil-in-water emuisions such as mayonnaise, the effect of softening
sourness is manifested to provide a natural vinegar flavor.

f00581  The amount of fat and ¢il is not particularly limited and decided according to the type of the emulsified compo-
aitions. For example, the fat and oif content of cil-in-water emulsified compaositions is preferably 4 to 85% by weight, still
preferably 4 1o 70% by weight, particularly preferably 4 to 50% by weight, and that of water-in-oil emulsified compositions
is preferably 40 fo 95% by weight, still preferably 45 to B0% by weight, particulany preferably 50 to 80% by weight.
{00607 The water content is not particularly iimited and decided according to the type of the emuisifisd compositions.
For exampie, the water content in oil-in-water emulsified compeositions is preferably 15 to 95% by weight, still preferably
30 o 95% by weight, and that in water-in-oil emulsified compositions is preferably 5 to 45% by weight, still preferably
10 to 30% by weight.

[00681] The fat and oil emulsified compositions containing B-glucans extractad from a graminacus plant are prepared

in a usual manner.

[0082] If desirad, the resulting fat and ot amulsified composition of the prasent invantion may be homogenized by
means of a homogenizing machine, such as a valve homogenizer, 8 homomixer, and a colloid mill. If desired, the fat
and oll emulsifiad composition may be subjected to pasteurization or heat sterilization treatments, such as UHT treatmeants
by a diract heating system (e.q4., injection or infusion) or an indirect heating system by use of a plate, tubular or scraped-
surface heat exchanger, HTST treatments, a batch treatment, a retort treatment, and microwave heating, or cooking on
the fire. According to necassity, the composition may be subjected to re-homogenization. If necessary, the composition
may be subjected 1o a cooling operation such as rapid cooling or siow cooling. If necessary, the composition may be
subjected to aging. Further, the fatand oil emulsified composition thus obtained may be refrigerated or frozer for storage,
if neaded.

{00831 In preparing the fat and cil emulsified compesition of the present invention, emuisification, homogenization,
mixing or preparation of raw matarials can be carried out with mixing, knaading or stirring equipmant of various kinds
commionly employed with no particular restriction. Examples are propelier agitators, oscillatory mixers, orifice mixers,
paddle agitators, agitation emulsifiers (homomixer), cutter mixers, cokneaders, conches, silent cutters, jet mixers, vacuum
agitators, screw mixers, static mixers, cutling mixers, sonicators, kneadars, rolls, Hydrossure, pipeline mixers, universai
mixers, pin machines, colloid mills, homogenizers (high-pressure homogenizers), jet homogenizers, ball cutters, and
ribbon mixers. It is preferred to use an agitation emulsifier (homomixer) and/or 2 homogenizer (high-pressure homoge-
nizar), a jot homogenizer or a colloid mill, Equipment used for heating or cooling includes indirect heating systems using
a scrapad surfaca heat exchanger, e.g., Contharm scraped surface heat exchanger (manufactured by Tatra Laval Food},
Thermoclinder {manufactured by lwai Kikal), a surface scraped heat exchanger (manufactured by izumi Food Machinery
Co., Lid.), CP-Rotorpro scraped surface heat exchanger (manufactured by APVY) or Terlotherm scraped suiface heat
exchanger (manufactured by Tarlet), and steam injection direct heating systams, e.q., Steam Nozzie (manufactured by
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hwai Kikai}, Noritake Cooker (manufactured by Noritake Company), and Steam Injection (manufactured by Tetra Pack).
[0064] Thefatand oilenulsified composition of the present invention exhibits excelient emuision stability without using
conventional emulsifiers, particularly synthetic emuisifiars, and resistance to freszing or microwave cooking and has
good taste and texture and, in addition, & bioregulatory function. As a matter of course, the composition may contain
other components effective on emuisification and emuision stabilization, such as natural emulsifiers, enzymatically
traated substances, and thickening polysaccharides, e.g., substances originated in eggs, milk, soybeans or graminecus
cereals or enzyme-treated substances theraof,

[0065] Examples of such natural emulsifiers or enzymatically treated substances which can be used as an emuisifier
include lecithins {e.g., soybean lecithin and egg yolk iecithin}, eggs (whole eggs, egg white or egg yoik}, milk, ground
or dried soybeans, flours of grains, such as wheat and barley, proteins separated from these food materials such as
egg protein, defatted milk powder, millc protein, whey proteins, {e.g., a-lactalbumin, f-lactoglobulin, and serum albumin),
milk serum protein, casein, sodium casein, and other milk proteins, egg white albumin, ovomucoid, iow-density ipoprotein,
high-density lipcprotein, egg proteins {2.9., phosvitin, livetin, phosphoglycoprotein, conalbumin, and ovomucoid), proteins
of grain origin, such as wheat protains (e.¢., giuten and gliadiny, zein, glutanin, and prolamine, soybean protein isolats,
and other vegetable and animal proteins, protein-polysaccharide complexes, and substances left after removing com-
ponents other than millk fat from raw milk, processed milk, concentrated milk, raw sheep milk, etc. Enzyme-treated
substances cbtained by contact reaction betweesn these materials with enzymes, for examgle, soybaan protein hydro-
lyzate, wheat protein hydrolyzate, milk protein hydrolyzate, and agg protein hydrolyzate, are aiso useful. One or more
of these substances can be used in combination. The amount of these substances to be added is not particularly limited
and can be varied appropriately. They are added in ganerally adopted amounts, for example, .01 to 15% by weight
based on the composition of the pragsent invention.

fo068] Any enzyme that is expected to modify the materials such as eggs, milk, soybeans and grains o improve
emulsifying capabilities can be usad to obtain the above-mentioned enzyme-treated substances. Such enzymes include
amylases, e.q., g-amylase, p-amylase, and giucoamylase), celiulases (e.g., celiulase and hamicellulase), proteasas,
lipases {2.g., lipase and phospholipase), glucose oxidase, lipoxygenase, lactase, invertase, penionase, pectinase, cat-
alase, ascorbic acid oxidase, suithydryl oxidase, and hexose oxidase. The term "amylase” denoctes one or more amylases
selacted fromthe group consisting of c-amylase, iscamylase, and glucoamylase. Amylasas produced by microorganisms
helonging to the genera Bacillus, Pseudomonas, Aspergillus, Rhizopus and Kiebsialla are preferred.

fo067}  Flour of grains includes crude or refined flour of rices, wheats, maizes, sorghums, barnyard millets, foxtail
millets, millets, barleys, oats, and ryes. Wheat flour includes braad flour, less sirong braad fiour, alipurpose flour, cake
flour, and duram fiour. Buckwheat flour, soybean flour are also usabla.

[00868] The thickening pelysaccharides include pullulan, psyllium, gum arabic, gellan gum, glucomannan, guar gum,
xanthan gum, tamarind gum, carrageenan, aiginic acid aikall metal salts, farceran, locust bean gum, pectin, curdlan,
crystalline callulese, CMC, gelatin, dextrin, agar, dextran, and low-molecular compounds obtained therefrom. These
polysaccharides may be used aither individually or as a combination of two or more thereof. A preferrad content of the
thickening polysaccharides is 0.1 to £% by weight, particularly 0.5 to 3% by weight. With a thickening pelysaccharide
content less than 8.1% by weight, the composition tends to have poor shape retention. With contents exceeding 5% by
waight, the composition tends to be hard and hardly malt in the mouth.

[0082] It is possible to add, to the fat and oil emulsified composition of the present invention, foed additives or foods
such as emulsifiers, gelling agents, thickeners, and stabilizers other than those descrived above as iong as the affects
of tha present invantion are notimpaired. The foads or food additives are not particularly limited as far as they are edible.
Examples of the emulsifiers are fatty acid monoglycerides, sorbitan fatty acid esters, propylene glycol fatty acid esters,
sugar esters, polyoxvethylene sorbitan fatty acid esters, Tween, polyoxyethylene sorbitan tricleate, polyoxyethylene
sorbitan monooleate, polyoxyethylene sorbitan monosiearate, polyoxyethylene sorbitan moenopalminate, and polyox-
yathylena sorbitan monclaurate. Examples of the thickeners and stabilizers ara starch, modified starch, and gelatinizad
starch. Additional useful food additives or foods include saccharides, such as glucose, fructose, sucrose, maltoss,
anzyma-saccharified sugar {thick mall syrup), lactose, reducing starch saccharification products, isomerizad liquid sugar,
sucrose-coupled malt syrup, oligosaccharides, reducing sugar polvdextrose, sorbitol, reduced iactose, trehalose, xylose,
xylitol, maltitol, erythritol, mannitol, fructo-oligosaccharides, soybean oligosaccharides, galacto-oligosaccharides, lacto-
sucrose, raffinose, lactulose, palatinose-oligosaccharides, stevia, and Aspartame; stabilizers, such as phosphoric acid
salts {(e.g., hexamataphosphoates, secondary phosphates and primary phosphates) and alkall metal (e.g., potassium
or sodiumy salts of citric acid; inorganic salts, such as sedium chioride, rock salt, sea salt, and potassium chioride; souring
agents, such as acetic acid, lactic acid, gluconic acid, citric acid, succinic acid, malic acid, and ascorbic acid; colorants,
such as §-carotin, caramal, and Monascus color; antioxidants, such as tocopharol and tea extract; flavors, such as milk
flavor, vanilla flavor, vanille essence, chocolate flavor, strawbarry flavor, and chaese flavor; dairy products, seasonings,
pH adjustors, enzymes, food preservatives, shelf life extenders, fruits, fruit juices, coffee, nut pastes, spices, cacao
massg, and cocoa powder. Two or more of these additives can be used in combination. The amounts of the additives 1o
pe added are not particularly lirnited. They can ba added in ganeral amounts, for axample, 0.01 to 15% by weight basad
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on the composition of the present invention.

[0078] It is particularly preferred to add tocopherol to improve antioxidation stability of the fat and oil emulisified com-
position.

[0071] Application of the fat and oll compositions to bakery products will then ba described. The bakary products
contain the aforementioned fat and olf composition containing B-glucans exiracted from a gramineous plant. The bakery
products inciude those produced by (@) preparing dough by mixing the fat and ol composition as a part or the wholg of
convantional fat and off with water and, in addition, secondary raw materials suited to the product, such as fats and oils,
amulsions, sugars, dairy products, eggs, veast, yeast food, oxidizing agents, reducing agents, various enzymss, and
emulsifiers, which are added either all at once or in divided portions and (b} subjecting the resulting dough, sither as
prepared or after fermentation, to a heating treatment, such as steaming, baking, frying, and boiling, or (b’) preserving
the resulting dough by refrigeration or freezing and then (b) subjecting the dough to a heating treatment, such as steaming,
baking, frying, and boiling. The bakery products include breads (e.g., pancakes, crepe, sponge cakes, doughnuts, dessert
bread, loaves of bread, hot dog buns, Danish pies, French biread, rye bread, hard rolls, and Danish pastries), pies,
kasufers {Japanese style sponge cake), butter cakes, puff pastries, waffles, biscuits/cockies, crackers, and farmented
confactions. The method of preparing dough is not particularly limited, except that a part of or the whole of the fat and
oil which has been conventionally used in dough preparation is substituted with the fat and oil composition containing
B-glucans axtracted from a gramineous plant according to the present invention. In making bread as an example of the
bakery products, bread dough is preparad from general raw materials of bread, such as wheat flour, water, yaast, sugar,
and edible salf, and the edible fat and oil composition containing g-glucans extracted from a gramingous plant by a
known dough preparation mathod. For instance, after mixing the other materials, the fat and oil compesition containing
B-glucans axiractad from a graminacus plant may be foldad into the mix. The dough is than farmented, shaged, and
baked in a usual manner. Similarly, the fat and oil composition containing p-glucans extracted from a gramineous plant
can be usad as a substitute for a part of or the whole of fat and oil for folding (roll-in fat and o) or fat and oil for dough
and batter in making folded pies; or pieses of fat and oil in the form of chips, straws, ate. in making pie crusts; or fcamable
emulsified fat and oil or liquid oil for cakes in making sponge cakes.

{06727 Where the preduction of bakery products involves a baking step, If bariey grains or barley flour is added as
such as a B-glucan supply source or even whan B-giucans extracted from a gramineous plant is added to dough or a
powder mix, which is then kneaded into dough, lumps are easily formed in the dough. Dough having such lumps only
provides a bakery product with a rough or grainy texture or a strange fexture due to non-uniformity of the water content
or hardnass. To the contrary, use of the fat and oil composition containing f-glucans exiracted from a gramineous plant
provides dough having the B-glucans extracted from a gramineocus plant uniformly dispersad tharain with very few lumps,
which finally gives a baked product with a good texture, not only free from a strange texture but with greatly improved
softness. The fat and oif composition of the present invention is preferably used in an amount of 0.05 to 30% by weight,
in terms of the B-glucans extracted from gramineous plants, based on the grain flour content of the bakery product.
[0073]  Inusing the fat and oil composition in the bakery products, the bakery products can additionally contain at least
one additive selected from the group consisting of an emulsifier, an oxidizing agent, and an enzyme and a glucide having
at least one of an 1-Z-a-[-glucopyranose bond, an 1-3-o-D-glucopyranose bond, an 1-4-¢-D-glucopyranose bond, and
an 1-6-w-D-glucopyranose bond, D-fructose or a saccharide containing D-fructose.

[0074] The emulsifier is preferably at least one selected from fatty acid monoglycerides, diacetyltartaric esters, and
sucrose fatty acid esters. Still preferred are diacatyltartaric esters, such as diacetyltartaric acid monogiveeride and
diacetyltartaric acid diglycerida. Lecithin, sorbitan fatty acid esters, propyiene glycol fatty acid esters, sugar esters, and
the like are also useful as the emulsifier.

[6075] The emuisifier is preferably used in an amount of 1 fo 300 parts by weight per 100 parts by weight of the [3-
glucans exiracted from a gramineous plant and 0.01 to 5% by weight, particularly 0.08 to 1% by weight, based on the
grain flour in the bakery product.

[0078] The diacetyltartaric acid monoglyceride, which is preferably used as the emuisifier, is not particularly limited
by the process of praparation and is usually obtained by reacting diacetyltariaric anhydride with @ mixture of a monoglyc-
& and a diglyceride in tha prasance of acetic acid or esterifying a mixture of a monoglycerids and a diglyceride with
tartaric acid and acetic acid in the presence of acetic anhydride. Accordingly, the diacetyitartaric acid monoglyceride
which is preferably used in the present invention is usually obtained as containing diacetyitartaric acid digiyceride.
Diacetyltartaric acid moncgiyceride in an aquecus solution or an oll-in-water emuision has a pH ranging from about 1.3
to 1.9. The composition usad in the bakery products of the present invention preferably has its pH adjusted within 3.0
to 10.0, particularly 4.5 to 8.5, to improve stability. If necessary, the pH is adjusted by addition of a base or a salt having
& pH adjusting action. Any base or sall that has a pH adjusting action and is permitted to be added to foods can be used.
Preferred bases or salts include such bases as ammonia, caicium hydroxide, sedium hydroxide, and potassium hydrox-
ides; sodium, potassium, ammonium or calcium salts of acetic acid, carbonic acid, phosphoric acid, succinic acid, glutamic
acid, ascorbic acid, tartaric acid, etc.; and sodium hydrogencarbonate.

[0077] The oxidizing agent which can preferably ba used in tha bakery products is at least one selected from cystine
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and ascorbic acid. Ascorbic acid is still preferred.

[6078] The oxidizing agent is preferably used in an amount of 0.01 to 15 parts by weight per 100 parts by weight of
the f-glucans exiractad from a gramineous plant and 0.0001 to 0.2% by weight, particularty 0.0005 to 0.1% by weight,
pased on the grain flour in the bakery groduct.

{0079} The enzymes which can be used in the bakery products include any kind having improving effects in bread-
making. At least ong enzyme selacted from the group consisting of amylases, proteases, celiulasas, and hemicellulases
is preferably used. Other useful enzymas include lipases, glucose oxidase, lipoxigenasa, lactase, invertase, pentonase,
pectinase, catalase, ascorbic acid oxidase, sulfhiydryl oxidase, hexose oxidase, and transglutaminase.

[60808] The enzyme content varies depending on the purity of enzyme preparations or the kind of the enzyme. In using
a commercially available enzyma preparation, for example, an advisable amountis 0.01 to 100 parts by weight, preferakly
0.05 to 30 parts by weight, per 100 parts by weight of the § glucans axtractad from a gramineous plant.

[0081] The enzymes o be used will be described in greater detail. The term "amylase” denotes one or more amylases
selected from the group consisting of c-amylase, iscamylase, and glucoamylase. Amylasas produced by microorganisms
helonging to the genera Bacilius, Pseudomonas, Aspergillus, Rhizopus and Klabsielis are preferrad. Commercially
available amylase preparations can be utilized. Commaercially available a-amylase preparations include Amylase AD
Amano and AH Amano from Amane Seiyaku KK ; Termamyl and BAN from Novo Nordisk Bicindustry Lid.; Uniase BM-
8 from Yakult Honsha Co., Ltd,; Spitase HS, HK, PN-4, Al and LH from Nagase Seikagaku Kogyo KIK.; Sumizyme L
from Shin-Nihon Kagaku Kogyo K.K.; Kisistase from Daiwa Fine Chemicals Co., Ltd.; Rohalase AT from Réhm Enzyme
GmbH; liquefied enzymes T, K, and 88 from Ueda Kagaku K K.; Biozyme C and L from Amanoe Seivaku K.K., and Uniase
L from Yakult Honsha Co., Lid. Commaearcially available iscamyiase praparations inciude Plulianase Amane and 138-1
from Amano Seiyaku K.K.; and Promozyme from Novo Nordisk Bioindustry Ltd. Commercially available gluccamylase
preparations include Glucozyme NL and AFG from Amanoe seiyaku KK Sumizyme 8, 8G, AN, AD, and AL from Shin-
Nihon Kagaku Kogyo K.K; AMG and Dextrozyme from Nove Nordisk indusiry Lid,; Glucozyme from Nagase Seikagaku
Kogye KK Uniase K from Yakuit Pharmaceutical ind, Co., Lid,; Glutase 6§00 and AD from Hankyu Bioindustry K.K,;
Kekugen and Daizyme from Daiwa Fine Chemicals Co., Litd,; and Kokulase G2 and Sanzyme from Saniyo Co., Ltd. All
these enzyme names are frade names.

{00821 The proteases can be of any origin, such as the genus Bacillus, Tharmus or Aspergillus, plants, and animals.
Preferred proteases are of the genus Bacillus, Thermus or Aspergillus or plants. The proteases can be usad either
individually or as a combination of two or more thereof. Commaercially available protease preparations can be utilized.
Examples of commerciaily available proteass preparations are Protease N Amang, P Amane, and 8 Amano from Amano
Seiyaku K.K,; Alkalase and Neutrase from Novo Nordisk Bioindustry Ltd.; Sumizyme LP from Shin-Nihon Kagaku Kogyo
K.K.; and Thermoase from Daiwa Fine Chemicals Co., Lid. All the enzyme names racited above are frade nameas.
Pepsin, trypsin, chymotrypsin, papain, and chymosin {rennet} are alsc usable.

[0083] The cellulases preferably include those originated in the genus Trichoderma, Aspergillus or Fusarium. Com-
mercially available varicus cellulase preparations can be made use of either individually or as a combination of two or
more thereof. Examples of such preparations are Cellulase A and T from Amano Seivaku K.K; Sumizyme AC and C
from Shin-Ninon Kagaku Kogyo K.K; Cellulase XP and Celluzyme from Nagase Ssikagaku Kogyo K.K.; Celiulase
Ornozuka and Y-NG from Yakult Pharmaceutical Ind. Co., Lid.; Meicelase TP, TL and HP from Meiji Seika Kaisha, Ltd,;
Driserase from Kyowa Halko Kogyo Co., Ltd,; and GODOC-TCL and TCL-H from Godo Shusei Co., Ltd. All the enzyme
names racited above are frade namas.

[0084] Commercially available varicus hemiceliulase preparations can ba used as the hemiceliulase sither individually
or as a combination of two or more thereof. Examples of the hemiceliulase preparations are Hemicellulase Amano from
Amano Seivaku KK.; Sumizyme X from Shin-Nihon Kagaku Kogyo K.K.; Olivex from Novo Nordisk Bioindustry Ltd.;
Cellulosin HC, B, TP25 and GM5 from Hankyu Bioindustry K.K.; and GODO-TKL from Godo Shusei Co., Lid. All these
enzyme names are trade names.

{0085] The lipases preferably include those of the genus Aspergillus, Rhizopus or Pseudomonas origin. Various
commercially available lipase preparations can be used either individually or as a combination of two or more theraof,
Such lipase preparations include Lipase A Amanc or P Amano from Armanco Seivaku KK.; and Lipase (Saiken) from
Nagase Seikagaku Kogyo K.K. All these enzyme names are trade names.

fo086] The glucide having at least one of an 1-2-0-D-glucopyrancse bond, an 1-3-u-D-glucopyranose bond, an 1-4-
u-D-glucopyranose bond, and an 1-8-u-D-glucopyranose bond which can be used in the bakery products includes starch
and giycogen, which are 1-4-g-~giucans having an 1-4-g-D-glucopyrancse bond; dextran, which is an 1-8-g-glucan having
an 1-8-o-D-glucopyranose bond, and mucin which is an 1-3,1-8-u-~glucan having an 1-3-0-B-glucopyrancese bond and
an 1-8-x-D-glucopyrancse bond.

{60877 A preferred glucide content is such that the ratio of the B-glucans extractad from a gramineous plant to tha
glucide ranges from 1/1000 to 0.35/1 by weight.

fo088] The D-fructose orasaccharide containing D-fructose which can be used in the bakery products includas purified
D-fructose, honey, sugar, isomerized sugar, and juices of pears, watermalons, ete.
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f0088] A preferred content of D-fructose or the saccharide containing D-fructose is such that the ratio of the B-glucans
extracted from a gramineous plant to the D-fructose or the saccharide containing D-fructose ranges from 1/40 o 15/1
by weight. With this amount, the dough is gasy to work with, and bakery products with a good texture, softness, and
good volume can be obtainad. Even whan frozan, the dough provides bakery produsts excallent in anti-staling properties.
Where D-ructose or the saccharide containing D-fructose is used in an amount of 0.1 part by weight or more in ferms
of B-fructose per 100 parts by weight of the grain flour of the bakery product, the dough is easy to work with, and bakeary
products with & good textura, softnass, and good volurme can be obtainad. Even when frozen, the dough provides bakery
products excelient in anti-staling properties.

f00908] For use in bakery products, the fat and oif composition can contain various additives and vehicles.

fona4l  Such additives and vehicles inciude food additives and foods, such as grain flour, yeast, veast food, fat and
oil, a fat and oil emulsified composition (e.g., & water-in-oil emuision or an oli-in-water emulsion}, wheat gluten, expanding
agents {e.g., ammonium hydrogedncarbonate and sodium hydrogencarbonate), bieaching agents {e.g., ammonium
persulfate), watar, an aqueous schution containing an aicohol, a polyhydric aleohol, a sall, an acid, an alkali, etc., galling
agents, thickeners, and stabilizars. These additives are not particularly limited as far as they are edibla. For examples,
fats and oils which can be added include soybean oil, rapesead oil, mustard oil, cotton seed oil, safflower oil, sesame
oii, corn oil, peanut oil, kapok oil, sunflower oil, rice oii, rice bran oil, coconut oil, palm oil, palm kernel oil, linsead oii
castor oll, olive oil, cocoa butter, tung oil, cametiia ol illippe butter, Borneo taliow, Mowrah, sal bulter, borage oil, lauric
acid fat and oli, hard butter, shea butter, oleic acid-linoleic acid fat and oil, erucic acid oil, lincienic acid ¢il, conjugate
acid oil, oxyacid oif, Cuphea oi, crambe (Crambe abyssinica) seed oil, meadowfoam oif, lesquerella {Lesquerefla fenderii
sead oil, macadamia oil, evening prinvross (Oenothera bignnis and Qencthera lamarkiana) seed oil, olf of saeds of
horage (Borago officinaglis} from the Boraginaceae family, ol of seeds of amaranth {Amaranthus L.; an annual glant of
the Amaranthaceae family}, pine seed oil, avocado oil, grapeseed cil, oil of dry microbial celis of the filamentous fungus
Mortierelta aipina, lipid of dry microbial cells of Labyrinthulae belong to Xanthophyta, lipid of dry microbial cells of
Schizochyirium sp. belonging to Labyrinthulomycota, lipid of Crypthecedinium cohindi, butter lipid, ghee butter, milk fat,
peef tallow, lard, sheep tallow, fats and oils of other land animals, fish oil, whale oil, codliver oil, fats and oils of other
marine animals, short chain fatty acid-containing fats and oils, middie chain fatty acid-containing fats and oils, y-oryzano|,
wlinolenic acid-containing fats and oils, o-linclenic acid-containing fats and oils, docosahaxaenocic acid (DHA)-containing
fats and oils, eicosapentaencic acid (EPA)-containing fats and oils, plant sterol-containing fats and oils, frans acid-
containing fats and oils, hydroxy acid-containing fats and oils, conjugated fatly acid-containing fats and cils, pelyphenol-
containing fats and oils, phospholipid-containing fats and oils, sphingolipids, tocotrienci-containing fats and oils, sitostanol
fatty acid-containing fats and oils, n-3 polyunsaturated fatty acid-containing fats and ¢ils, diglyceridas, and othar vegetable
or animal fats and oils; processad oils derived from these fats and oils according to necessity, such as hydrogenatad
oils, slightly hydrogenated oils, hydregenation isomerized oils, interesterified oils, and fractionated oils, fats and oils
prosessed by two or mora of these procasses, and mixturas of two or more of these processed fats and oils. Additionally,
amulsions (including W/QO emulsions, OAV emulsions, double emulsions, i.e.,, OMW/Q emulsions and W/O/W emuisions,
and more complex multipie emulsions) of these edible fats and oils are also useful. Examples of the thickeners and

stabilizars are puliulan, psyilium, gum arabic, gellan gum, glucomannan, guar gum, xanthan gum, tamarind gum, car-
rageanan, alginic acid salts, farceran, locust bean gum, pectin, curdlan, and low-molecular compounds obtained from
these substances, starch, modified starch, gelatinized starch, crystalline celiulose, gelatin, dexirin, and agar. Additional
useful food additives or foods include saccharides, such as glucose, maltose, enzyma-saccharifiad sugar (thick malt
syrup), lactose, reducing starch saccharification products, isemerized liquid sugar, sucrosacoupled malt syrug, oligosac-
charides, reducing sugar poiydextrose, sorbitol, reduced lactose, trehalose, xylose, xvlitol, maltitol, erythritol, mannitol,
fructe-oligosaccharides, soybean oligesaccharides, galacto-oligosaccharides, lactosucrose-~cligosaccharidas, raffinose,
lactulose, palatinose-oligosaccharides, stevia, and Aspartame; stabilizers, such as phosphoric acid salts {e.9., hexam-
etaphosghorates, secondary phosphatas and primary phosphatas) and alkall meta (e.g., potassium or sodium) saits of
citric acid; proteins, such as whey proteins, {e.g., o-lactaibumin, f-lactogiobulin, and serum albumin}, casein and other
milk proteins, low-density lipeprotain, high-censity lipoprotein, egg proteins {e.g., phosvitin, livetin, phosphoglycoprotein,
ovalbumin, conalbumin, and ovomucoid}, whaat groteins {e.g., gliadin, glutenin, prolamine, and glutelin}, and other
vegetable and animal proteins; inorganic salts, such as sedium chioride, rock salt, sea salt, and potassium chioride;
souring agents, such as acetic acid, lactic acid, and gluconic acid; colorants, such as B-carotin, caramel, and Monascus
color; antioxidants, such as tocopherol and tea exiract; eggs, such as whole eggs, &gg volk, egg white, and enzyme-
processad eggs; cereals, such as bread flour, allpurpose flour, and cake flour; beans, such as soybean powder; water,
flavors, dairy products, seasonings, pH adjustors, food preservatives, shelf life extenders, fruits, fruit juices, coffee, nut
pastas, spices, cacao mass, and cocoa powdar. Two of more of these additives can be used in combination or in the
form of a complex thereot.

[06092] In addition to the above-mentioned materials, any other material that is usually used in bakery products and
bakery product dough can be used in the bakery products and bakery product dough according to the present invention.
Tha present invention is applicable to any breadmaking procasses, such as a sponge-dough process and a straigh
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process. The time of adding the fat and oil composition of the present invention is not limited. Where the sponge-dough
process is applied, the fat and ofl composition may be added in the stage of preparing a sponge or in the stage of
preparing a dough.

[0093] In the present invention i is preferrad that the starch in the bakery product dough be partially gelatinized into
o-~starch before baking to enhance a favorable flavor or texture. The partial gelatinization can be effected by adding
previcusiy gelatinized starch of wheat, rice, maize, potato, cassava, taro, ete. or a raw material containing it to the dough
or by adding starch or a raw material containing starch to the dough and gelatinizing the starch by heating, addition of
hot water, steaming or roasting. For example, hot water can be added fo part of wheat flour to convert it into o-starch,
or part of wheat fiour may be steamed.

fona4}  Where applied {o non-yaast bakery products, such as biscuits and pizza crusts, the fat and oil composition of
the present invention gives an increased crispy texture.

[0098] The fat and oii composition appiied to bakery products supplies f-glucans having excellent bioregulatory func-
tions without being accompanied with reductions of taste and texiure. Further, sinca the fat and oil composition produces
tha same effects as have been obtained by the conventional additives having various quality improving effects, it makes
it possible to reduce the amounts of the conventional additives to be used, making contribution o improvement in taste
and texture of bakery products without impairing the flavor of the products. Furthermore, the fat and oil compeosition
makes it feasible to provide bakery products which meet tha consumers’s trends to naturally oceurring substancas,
safety, and health.

{00987 Application of the fat and ol compesition to confectionery products will then be described. in an embodiment
of confectionary product production, dough is preparad by using the fat and ol composition containing §-glucans extracted
from graminacus plants of the present invention as a part of or the whole of convantionaily amployed fats and oils, and
the resulting dough is further processed. Confectionery products aceording fo this embodiment include deep-fried prod-
ucts such as shacks and doughnuts and steamed products, such as steamed cakas and bean-jam buns. Confectionery
products in another embodiment include candies, gums, chooclates, and tablats prepared by mixing the oil and fat
compasition containing B-glucans exiractad from a graminecus plant with sugar, flavors, and the like and, if necessary,
solidifying and moiding the mixture. Cold desserts, such as ice cream and sherbet, are also included under confectionery
products.

[60977 In making confectionery products, where weight is put on not only flavor but taste, particularly sweetness, itis
important to eliminate lumps. Even a very small lump would cause a sirange feeling and ruin the commercial value.
Since the fat and oil compaosition according to the present invention previously contains the B-glucans extracted froma
graminaous plant unifermiy, even when it is added {0 and mixad with a gremixed materal, there is provided a final
confectionery product which containg the B-glucans extracted from a gramineous plant in a8 uniformly dispersed state
with no lumps, gives no strange feeling, and has a good flavor.

[00388] The fat and oil composition according o the prasant invantion can be addad to foods or drugs containing a
food ingredient having a prophylactic action for habitual diseases {or life style-related diseases) to enhance the action.
Example of such foods or drugs are those containing unsaturated higher fatty acids regulating a blood lipid concentration
{e.g., EPA and DHA), plant sterols regulating blood serum cholasterol and asters thereof, diacylglycerol, y-tinolenic acid,
u-linolenic acid, beet fiber, corn {maize) fiber, psyllium seed coat, tea polyphanol, lecithin; dried bonito peptide, sardine
peptide, casein dodecapeptide, and soybean protein isolate which are effective in lowering blood pressure; and lactic
gcid bacteria, gluconic acid, oligesaccharides, and varicus dietary fibers which improve the infestinal environment to
regulate the intestines. Further, foods or drugs with enhanced bioragulatory functions can be obiained by adding to the
fat and oil composition of the present invention substances known to have health improving functionality, such as
Chlorella, spirulina, propoiis, chitin, chitosan, nucleic acids, leyss (Ganoderma lucidum), agaricus, ginkgo leaf exiract,
lakanka (Lo Hon Go), turmeric, garcinia, applafiver, gymnema, collagen, blueberry, aloe, saw palmette, plantfermentation
enzyme, soybean isoflavon, chlorophyll, roval jelly, Asian ginseng, pruna, and herbs, such as chamomile, thyme, sage,
peppermint, lemoen baim, mallow, oregane, cat nip tea, yarrow, and hibiscus.

{00381 When added o processed foods of rice, whaat, maize or soybeans, the fat and oil composition of the present
invantion is capable of impaiting or enhancing functionality of these focdstuifs. Examples of such processed foods are
rice products (e.g., boiled rice, rice cake, retort pouch boiled rice, frozen boiled rice, and steriie boiled rice); processed
rice products, such as rice noodles, rice chips, and rice crackers; the above-recited bakery products and confectionery
products; noodles, such as pastas, buckwheat nocdles, uden noodles, houtou nocdies, Chinese noodles, packaged
instant noodlas, and instant cup noodies; other wheat processed foods; breakfast cereals or processed maize products
such as comn flakes; and processed soybean products, such as fofu, soybean milk, soybean millk beverages, yuba
{soybean milk skin), thin fried oy, thick fried {ofu, round fried tofu, soybean jam, and nyse {(soybean paste). Additionally,
tha fat and oil composition can ke added to a variety of foods, including dairy products, such as milk, processed milk,
yogurt, whey beverages, fermentad lactic acid baverages, butter, and cheese; Japanese sweets, such as yokan (bean
jelly), uiro (steamed rice ielly), monaka (wafer with bean jam), and sweet bean jam; soups, such as potage, stew, and
curry; seasonings, such as soy sause, Worcester sauce, dips, jams, and tomato ketchug; processed maat products,
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auch as ham, sausage, and hamburgers; and processed marine products, such as steamed fish paste, baked fish paste,
fried fish paste, and fish sausage.
[0100]  Application of the fat and oil compoesition o liquid foods will then be described in detail.
{8101} Tha tarm Miguid foods™ as used herein means notonly liguids, such as soups and juices, but dried "liquid foods”
in the form of ready-fo-drink powder or solid that can be mixed with water or hot water into liquid, such as powdered
soups and powdered juices.
[8102) Theliguidfood ofthe presentinvention can be obtainad by adding the B-glucan-containing fat and oil compasition
to & liquid food, such as a beverage or soup. In adding, the mixture is mixed by stirring, if necessary, under heating. A
conventional food emuisifier may be added to prepare an emulsion. The mixing means to be used is not particularly
limitad, and mixing devices, such as a mixer, can ba used.
[0103] While the amount of the fat and oil composition to be added to a liquid food is not particularly i i
preferable to add the fat and oif composition in such an amount that the resuiting liquid food may contain 0.1 to 30% by
weight, particulariy 0.5 to 20% by weight, of the extracted B-glucans. With an extracted B-glucan content less than 0.1%
by weight, the B-glucans may fail to exhibit their functionat effects. If the content excesds 30% by weight, the extracted
B-glucans can reduce the quality of the food as a whole.
[0104] Inorderto further suppress non-uniform distribution of the -glucans or the liguid food containing the B-glucans
due to lump formation, and tha like, it is possible to add food additives or foods, such as emulsifiers, gelling agants,
thickeners, and stabilizers, o the liquid food. Thase food additives or foods are not particularly limitad as long as they
are edible. Examples of the emulsifiers are lecithin, fatty acid monogiycerides, sorbitan fatty acid esters, propylene glycol
fatty acid estars, sugar estars, polyoxyethylene sorbitan faity acid esters, Tween, polyoxyethylane sorbitan fricleats,
poiyoxyathylena sorbitan monooleate, polyoxyethvlene sorbitan monostearate, polyoxyethyiene sorbitan monopalmi-
nate, and polyoxyethyviene sorbitan monelaurate. Examples of the thickeners and stabilizers are pullulan, psyllium, gum
arabic, gallan gum, glucomannan, guar gum, xanthan gum, tamarind gum, carrageenan, alginic acid salts, farceran,
locust bean gum, pectin, curdian, and low-molacular compounds obtained from these substances, starch, modifiad
starch, gelatinized starch, crystalline cellulose, gelatin, dexirin, agar, and dextran. Additional useful food additives or
foods inciude saccharides, such as glucoese, fructose, sucrose, maltose, enzyme-saccharified sugar (thick malt syrup),
lactose, reducing starch saccharification products, isomerized liquid sugar, sucrose-coupled mait syrup, oligosaccha-
rides, reducing sugar polydextrose, sorbitol, reduced lactose, trehalose, xylose, xyiitol, maltitol, erythritol, mannitol,
fructe-cligosaccharides, soybean oligosaccharides, galacto-oligosaccharnides, lactosucrose-oligosaccharides, raffinose,
lactulose, palatinose-oligosaccharides, stevia, and Aspariame; stabilizers, such as phosphoric acid salts {e.g., hexam-
etaphosgphorates, secondary phosphates and primary phosphatas) and alkall metal {(e.g., potassium or sodium} saits of
citric acid; proteins, such as whey proteins, {2.g., e-lactaibumin, B-lactogiobulin, and serum albumin}, casein and other
milk proteins, low-density lipoprotein, high-density lipoprotein, egg proteins {e.q., phosvitin, Hvetin, phosphoglycoprotein,
ovalbumin, conalbumin, and ovomucoid}), wheat groteins {e.q., gliadin, giutenin, prolamine, and glutelin}, and other
vegetable and animal proteins; protein-polysaccharide complexes, inorganic salts, such as sodium chioride, rock salt,
sea salt, and potassium chioride, scuring agents, such as acetic acid, lactic acid, and gluconic acid, colorants, such as
B-carctin, caramel, and Monascus color, antioxidants, such as tocopherol and tea extract, eggs, such as whole eggs,
eqg yolk, egg white, and enzyme-processad eggs, cereals, such as bread flour, alipurpose fiour, and cake flour, beans,
such as sovbean powder, water, flavors, dairy products, seasonings, pH adjustors, enzymes, food preservatives, shelf
life extenders, fruits, fruit juices, coffae, nut pastes, spices, cacao mass, and cocoa powder, Twe or more of thase
additives can ba used in combination or in the form of a complex thereof. Tha amounts of the additives 1o be added ara
not particularly limited. They can be added in general amounts, forexample, 0.01 to 158% by weight based on the resulting
liquid food.
f0105] Examples of the liquid foods include soups, such as consomme, cormn polage, egg soup, Chinese soups, staw,
and curry, juices or frult juice beverages, such as orange juice, tomato juice, banana juice, vegetable juice, fruit juices
with fruit, and beverages containing fruit juice, carbonated beverages, such as cola and soda pop, milk beverages, such
as milk, processed milk, yogurt, and whey drinks, seasonings, such as soy sauce, Worcester sauce, dips, jams, and
tomato ketchup, coffes, cocoa, tea, green tea, woolong tea, soybean milk, fermentad lactic acid beverages, alcoholic
heverages, such as sake, whisky, brandy, beer, sho-chy, wines, and sparkling alcohoi, vitamin rich drinks, health drinks,
tonic drinks, jelly drinks, nutritious drinks, sports drinks, and coffee drinks. Also included are the above-mentioned dried
liquid foods and ready-to-drink dried foods such as powderad soups which are mixed with hot water orwater, etc. into liquid.
[0108] Application of the fat and oil composition to processed foods mainly comprising starch will then be described
in detail.
[3107] The fatand ol composition is preferably usad in an amount of 0.05 to 30% by weight, in terms of the extracted
B-glucans, based on a processad food mainly comprising starch.
[0108] The processed food mainly comprising starch includes any food containing, as an ingredient, starch originated
in rice, wheat, maize, potato, cassava, taro, and so forth. Examples of the processed foods include noodies, such as
udon noodles, buckwhaat noodlas, Chinesa noodies, chow mein nocdles, sauteed udon noodies, spaghattl, pasta, raw
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nocdles, dried noodles, packaged instant noodles, and instant cup noodies; cookad rices, such as doria, pilaf, beef bow,
tempurabowi, chicken-and-egg bowi, curry and rice, boiled rice, sterile boiled rice, and retort pouch boiled rice; processad
rice products, such as rice crackers, dumplings, rica chips, and rice cakes; friad foods, such as korokke (Japanasa siyle
croquettes), deap-fried port cullets, and tempura, and their batters; steamed buns stuifed with sweet bean jam, pork,
etc.; Chinese dishes, such as shui mal, pot-stickers, spring rolls, and other Chinese snacks; Japanese pancakes, such
as okonomi-yaki or monja-yaki {As-you-like-it pancakes)}, and octopus pancakes; and premixas for pizza, pancakes,
doughnuts, tempura, etc. Application to the aforementionad processed foods, such as frozen foods, retorted foods, and
microwave foods, is also preferred. As a matter of course, application o foods which are to be heated or thawed in a
microwave oven is also preferred.

[0108] The present invention will now be illustrated in greater detail with reference to Exampiles, but it should be
understood that the present invention is by no means limited thereto. Unless otherwise noted, all the parts and percents
are by weight.

Tast Example 1: Measurement of §-glucan content

[0118] Analysis of B-glucans was carried out according to the McCleary method (enzyme assay) with a f-glucan assay
kit from Megadyme. Where a sample undar analysis is powder, it was sieved through & 500 um (30 mesh) sieve, and
the water content was measurad. A 100 mg portion of the sample was put into each 17 mi test tube, and 200 plof a
50% ethanol sciution was added thereto to disperse the powder. Then 4 mi of a 20 mM phosphate buffer (pH 6.5) was
addad, and the mixiure was mixed weil. The mixture was haated in a boiling watar bath for 1 minuta. The mixiure was
mixed thoroughly and further heated in & hot water bath for 2 minutes. After tha mixture was coolad to 50°C and allowed
to stand for 5 minutes, 200 pl (10 U) of a lichenase solution was added to each tube. The lichenase solution was prepared
by diluting the lichenase vial attached to the kit with 20 mi of the 20 mM phosphate buffer, and the rast of the enzyme
solution was presaived in a fraezer. The mixtura was aliowed to react at 50°C for 1 hour. Then, § miof & 200 mM acatate
puffer {pH 4.0) was addad to 2ach tube, followed by mixing gently. After aliowing the tubes at room temperature for 5
minutes, the system was centrifuged to obiain the supernatant liquor. The supernatant iquer (100 ul) was taken inio
three test tubes. To one of tham, 100 ul of a 50 mM acetate buffer (pH 4.0} was added, and {o each of the other two
was added 100 pl (0.2 U) of a f-glucosidase solution, which was prepared by diluting the glucosidase vial attached to
the kit with 20 mi of the 50 mM acetate buffer. The rest of the enzyme solution was kept in a freezer. The system was
aliowed o react at 50°C for 10 minutes. A glucese oxidase/peroxidase solution {3 mi) was added, followad by reacting
at 50°C for 20 minutes. The absorbance (EA) of aach sampie at 510 nm was measwred. Tha B-glucan content was
obtained from equation:

B-Glucan content (w/w %) = (EA) x (F/W) x 8.46

where F: 100fabsorbance of 100 pg glucose

W calculated weight (mg) of anhydride

{01111 Where a sample under analysis was a liquid exiract containing exiracted -giucans, the liguid was made into
solid or powder as follows before analysis. To a B-glucan extract was added twice as much ethanol, and the mixture
was stirred well and centrifugad. The precipitate was collected, dried well, and ground to prepara a sclid B-glucan extract.
After the water content of the B-glucan extract was measured, the sample was analyzed by the McCleary method {(enzyme
assay) using a f-glucan assay kit from MegalZyme. Each pracipitate sample weighing 50 mg was put into & 17 mi test
tuba and dispersad in 200 pl of a 50% ethanol solution. The dispersion was analyzed in the same manner as describad
above.

Test Example 2: Measurament of molacular weight

[0112] The molecular weight of an extract was measured as follows. A solid exiract weighing 5 mg was put into a test
tube, 0.5 mi of distilled water was added thereto and haated to disscive the axiract in a boiling water bath. The solution
was filtared through a 0.22 pm filter to prepare a sample for HPLC, The sample was analyzed by HPLC using a gal-
filtration column, Shodex-packed column KS-805 {available from Showa Denko K.K.) at a flow rate of 0.6 mi/min ata
temperature of 50°C. An Rl detector was used for detection, water was used as a developing scivent, and Shodex
Pullulan Standards P-82 {availabie from Showa Denko K.K.) was used as a molacular weight marker.

[8113] Where extracted B-glucans were a liquid extract, it was diluted with twice as much ethanol, cooled to -20°C,
and allowed to stand for 1 hour to obtain a precipitate. A 8 mg portion of the precipitate was put into a tube, which was
analyzed in the same manner as described above to measurs the molecular weight.
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Preparation Example 1: Preparation of raw material and extraction accelerator

f0114} Glutinous nakad barley was polished to & polishing yield of 82%. The bran generated by this first polishing was
designated bran-1. The barley having been polishad to a polishing degrae of 82% was further polished in a grinding
type polishing machine to a polishing yield of 85%. The bran generated by the second polishing was designated grinds-
1. Ina 80 liter container was put 20 liters tap water and adjusted to 15°C while stirring. Six kilograms of bran-1 was
added therete and extracted while stirring for 2 hours. The mixture was centrifuged in a continuous centrifuge for solid-
liquid separation, and the supernatant liguor was lyophilized to obtain 450 g of an extraction accelerator.

Preparation Example 2: Preparation of §-giucans

[0115] Intoa 70lifer containerwas put 30 fiters {ap water, and 150 g of the extraction accelerator prepared in Preparation
Example 1 was added. Aftar dissolution, 7.5 kg of grinds-1 was added, followed by extraction by stirring at 50°C for 2
hours. The mixture was centrifuged for solid-liguid separation in a continuous centrifuge. The sugernatantiiquor separated
was boiled and cooled to give 15 liters of a slightly viscous B-glucan solution (sample 1). As a result of analysis according
to Test Exampie 1, the B-glucan content was found to be 3%. As a result of anaiysis according to Test Example 2, the
extract was detected in the molecular weight range of from 10,000 to 90,000, with the maximum peak at 40,000, The
maximum peak was confirmed to be B-glucans by the method of Test Example 1.

Preparation Example 3: Preparation of j-giucans

f6116] To a f-glucan solution prepared in the same manner as in Preparation Example 2 was added twice as much
ethancl. A precipitate thus formed was coliected and dried o give 480 g of a §-glucan extract (sampie 2), which was
found to have a B-giucan gurity of 91% as a result of analysis according to Test Example 1. As a result of analysis
according o Test Example 2, the extract was detected in the molecular weight range of from 10,000 to 200,000, with
the maximum peak at 40,000, The maximum peak was confirmed o be B-giucans by the method of Test Exampie 1.

Preparation Example 4: Preparation of B-glucans

f01171 A B-glucan solution prepared in the same manner as in Preparation Exampie 2 was lyophilized as such to give
a B-glucan extrast (sample 3} weighing 580 g. Samgle 3 was found to have a B-glucan purity of 76% as a result of
analysis according o Test Example 1. As a result of analysis according to Test Example 2, the extract was detacted in
the molecular weight range of from 10,000 to 200,000, with the maximum peak at 40,000. The maximum peak was
confirmed to be B-glucans by the method of Test Example 1.

Preparation Example 8 Preparation of §-giucans

fe118] Into a 70 liter containar was put 30 liters tap water, and 80 g of sodium hydroxide was added theretc while
stirring. After dissolution, 7 kg of grinds-1 was added, followad by extraction by stirring at 30°C for 2 hours. The mixture
was neutralized with hydrochloric acid and separated into solid and Hquid by means of a8 continuous centrifuge. The
supernatant liquor separated was bolled to give 15 litars of a slightly viscous B-glucan solution {sample 4}. As a result
of analysis according to Test Example 1, the B-glucan content was found to be 1.8 wi%. As a result of analysis according
to Test Example 2, the extract showed no peak in a molecular weight range between 3000 and 100,000 but an extramely
broad peak in the rangs of from 100,000 to 500,000. The fraction collected in the molecular weight rangs of 100,000 or
greater was confirmed to be B-glucans by the method of Test Example 1.

Method of evaluation in Examples 1 to 32 and Comparative Exampies 1 o 23:

[86118] In Examples 110 32 and Comparative Examples 1 to 23 hereinafter described, evaluation was made in terms
of stability and texture (smoothness, hardness, and flavor) according to necessity. Stability was evaluated by visually
inspecting any change in appearance aiter storage at 5°C for 1 month. Texture was organoleptically evaluated by 10
panel members and rated A to C according to standards shown below. The rating given to a sample by the greatest
number out of 10 panel members was the rating of the sample. The results chtained are shown in Tables 1 and 2, in
which marks ™" indicate no evaluation made.

Standards of evaluation:

(0120}
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1) Stability

A Excellent in stability.
B: Change in agpearance, such as slight phase saparation, observed,
C: Phase separation observed.

2} Texture
2-1} Smoothness

A Very smooth
B: Smocth
C: Not smooth

2-2} Hardness

A Very soft
B: Soft
C: Not soft

2-3) Flavor

A: Superior
B: Shghtly inferior
C: inferior

Example 1: Fat and oil composition containing B-glucans extracted from gramineous plant

[0121] A hundred parts of sample 2 obtained in Preparation Example 3 and 100 parts of soybean oil were thoroughly
mixed in a kneader. The mixture was kept at 60°C for 10 minutes and then cooled to room temperature, whereupon it
became creamy o give a fat and ol compoesition-1 containing B-giucans extracted from a gramineous plant according
to the present invention (B-glucan content: 45.50%). The B-glucans were found uniformly dispersed.

Example 2: Fat and oil composition containing R-glucans extracted from gramineous plant

[0122] Three hundrad parts of sample 3 obtained in Preparation Example 4 was mixed with 100 parts of palm oil
melted by heating at 70°C and 1 part of lecithin in a high-speed homomixer. The mixture was left to stand at 50°C for
20 minutes and coolad o room temperatura to give a lumpy fat and olf composition-2 containing f-glucans exiracted
from & gramineous plant according to tha present invention {B-glucan content: 58.80%). The f-glucans were found
uniformiy dispersed.

Example 3: Fat and oil composition containing B-glucans extracted from graminacus plant

f6123] Fifty parts of sample 3 obtained in Preparation Example 4 was mixed with 30 parts of palm clein oil, 70 parts

of rapeseed oil, and 0.2 part of protease-hydrolyzed egg yolk in a mixer. The mixture was left to stand at 65°C for 15
minutas and cooled to room temperature to give a creamy fat and oif composition-3 containing B-glucans extracted from

a gramineous plant according to the present invention (B-glucan confent: 25.30%). The f-glucans were found uniformiy
dispersed.

Example 4: Fat and oil composition containing B-glucans extracted from graminaocus plant

f0124} Five parts of sample 2 oblained in Preparation Example 3 was mixed with 40 parts of rice oil, 20 parts of clive
oil, and 35 parts of safflower oil in a high-speed homomixer. The mixture was allowed to stand at 50°C for 30 minutes
and cooled to room temperature to give a fat and oif composition-4 containing f-glucans exiracted from a graminecus
plant according o the present invention (B-glucan content: 4.80%), which had almost the same viscosity as the starting
oils but showed slight tubidity. The §-glucans were found uniformiy disparsed.
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Example 5: Fat and oil composition containing f-glucans exiracted from gramineous plant

f0125} Thirteen parts of sample 1 obtained in Preparation Example 2 was mixad with 20 parts of hydrogenated seybean
oil (melting point: 45°C), 35 parts of palm i, 30 parts of cotton seed olf, and 0.2 part of soybean lysolecithin, The mixture
was allowed fo stand at Y0°C for 10 minutes and then emulsified in a high-speed mixer, foliowed by rapidly cooling for
plasticization to give a fat and off composition-§ containing f-glucans axiracted from a graminasous plant according o
the present invention {B-glucan content: 0.40%), which had margarine-fike physical propertias. The B-glucans were found
uniformiy dispersed.

Example 6: Fat and oil composition containing §-glucans exiracted from gramineous plant

{0128] Fifty parts of sample 4 obtained in Preparation Example 5 was mixed with 27.6 parts of hydrogenated fish oil
{melting point: 36°C), 18 parts of comn salad cil, and 0.4 part of glycerol monotarirate by stirring at 50°C for 30 minutes.
The mixture was amulsifiad in & high-spaed mixer, followad by rapidly cooling for plasticization to give a fat and oil
composition-8 containing B-glucans axtracted from a gramineous plant according to the present invention (f-glucan
content: 0.94%), which had fat spread-iike physical properties. The -giucans were found upiformly dispersed.

Example 7: Fat and oil composition containing B-glucans axtractad from gramineous plant

f01271  Twenty parts of sample 1 cbtained in Preparation Example 2 was mixed with 0.3 part of olive oil {melting point:
36°C} and 0.1 part of casein sodium. The mixture was allowad to stand at 55°C for 15 minutes, emuisified in a high-
aspeed mixer, and spray-dried to give a powdered fat and oil composition-7 containing p-glucans extracted from a grami-
neous plantaccording o the present invention (B-glucan content: 80.00%). The B-glucans were found uniformly dispersed.

Exampls & Production of shortenin

f01281  Anoil phase consisting of 30 parts of paim oil, 50 parts of hydrogenated paim oil, 20 parts of rapeseed oil, and
0.3 part of lecithin was meltad at 70°C. To 100 parts of the oil phase was added 5.0 parts of sample 2 ¢btained in
Preparation Example 3, and the mixture was aliowed {o stand at 70°C for 30 minutes. The mixture was then stirred in
a homomixer at & high rotational speed for 2 minutes to give a fat and ol composition-8 containing §-glucans exiractad
from a graminacus plant according to the present invention. The B-glucans were found by visual abservation sufficiently
dispersed in the fat and oil. The composition was rapidly coolad for plasticization and cooled to 5°C {o obtain shortening
(B-giucan content: 4.30%} according to the present invention. The shortening of the present invention was evaluated for
smeothnass and flavor. The resulls obtained are shown in Table 1. [t is sean that the resulting shortening is superior to
Comparative Example 1 describad hereunder in smoothness and flavor. Although the step of crystal aging had been
omitted, the shortening of the present invention can be said to have enjoved the effects of forming moderate crystals
with excellent texiure, accelerating such crystallization, and preventing reduction of flavor that might have been causad
py an emulisifier,

Comparative Example 1: Production of shortening

[0128] An oil phase consisting of 30 parts of paim oil, 50 parts of hydrogenated paim oil, 20 parts of rapeseed oil, and
0.3 part of lecithin was meited at 70°C, stirred in a homomixer at a high rotational speed for 2 minutes, rapidly cooled
for plasticization, and cooled to 5°C to obtain an edible fat and o composition. The resulting shortening was evaluatad
forsmoothness and flavor for comparison. The results obtained are shown in Table 2, which prove the resulting shortening
to be much inferior in flavor.

Example 8 Production of margarine

[0130] A hundred par of an edible fat and oil consisting of palm oil, hydrogenated paim oil, rapeseed oil, and sorbitan
fatty acid esters at a weight ratic of 30:50:20:0.3 was meltad at 70°C. Eight parts of sample 3 cbiained in Preparation
Example 4 was added thersto, and the mixiure was left to stand at 85°C for 30 minutes. A solution of 0.5 part of defatted
milk powder and 1 part of edibie sait in 16 paris of hot water (70°C) was slowly added to the mixture and mixed therewith
while stirring in a homomixer. Then, the mixture was rapidly cooled to plasticize, maintainad at 25°C overnight, and
cooled to 5°C to give margarine according to the prasent invention (B-glucan content: 4.80%). The B-glucans were found
uniformiy dispersed. The margarine of the present invention was evaluated for stability, smoothness, and flavor. The
resulis are shown in Table 1. The resulting margarine had a fine and smooth texture. Further, the margarine was more
flavorful than that of Comparative Example 2 described hargunder, proving the effact of supprassing a reduction in flavor
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which might have been caused by the emuisifier.
Comparative Example 2: Production of margarine

[0131] A hundred part of an edible fat and oil consisting of palm oil, hydrogenated paim oil, rapeseed oil, and sorbitan
fatty acid esters at & waight ratio of 30:50:20:0.3 was meited at 70°C. To the mixture was slowly added a sciution of 0.5
part of defatted milk gowder and 1 part of edible salt in 18 parts of hot water (70°C) while stirring in a homomixar. After
mixing, the mixture was rapidly cooled to plasticize, maintained at 25°C overnight, and cooled to 5°C to give margarine.
The resuiting margarine was evaluated for stability, smoothness, and flavor for compariscon. The resuits are shown in
Table 2.

Example 10: Production of dressing

{01321 an parts of sample 2 prepared in Preparation Exampla 3, 10 parts of agg yolk, 1.5 parts of edible sait, 11
parts of vinegar, 2.5 parts of soft white sugar, 0.05 part of mustard powder, and 0.05 part of cnion powder ware mixed
by stirring in & mixer at a high speed for 5 minutes to prepare an aqueous phase. While the aqueous phase was further
stirred in a homomixer at a high spead, 75 parts of soybean salad olf heatad to 70°C was slowly added thereto and
mixad. The mixture was left to stand at 50°C for 10 minutes, emuisified, and cooled at 3°C for 24 hours to obtain a
dressing (B-glucan content: 8.27%) according to the present invention. The B-glucans were found uniformiy dispersed.
The dressing of the present invention was evaiuated for stability and flavor. The resulls are shown in Table 1. The
resulting dressing was provad excelient in stability and flaver.

Comparative Example 3: Production of dressing

[0133] Ten parts of egg volk, 1.5 parts of edible sait, 11 parts of vinegar, 2.5 parts of soft white sugar, 0.05 parnt of
mustard powder, and 0.05 part of onion powder were mixed by stirring in a mixer at a high speed for 5 minutes to prepare
an aqueous phasea. A dressing was preparad by using the aqueous phase in the same manner as in Example 10. The
resuiting dressing was evaluatad for stability and flavor for comparison. The results are shown in Table 2.

Example 11: Production of dressing

[0134] Ten parts of egg voik, 1.5 parts of edible sait, 11 parts of vinegar, 2.5 parts of soft white sugar, 0.05 parnt of
mustard powder, and 0.05 part of onion powder were mixed by stirring in a mixer at a high speed for 5 minutes to prepare
an agqueous phase. While the aguaous ghase was further stirred in & homomixar at a high spaed, 75 parts of the fat and
oif composition-4 containing B-glucans extracted from a gramineous plant which was prepared in Example 4 was slowly
added thereto. The mixture was emulsified and cocled at §°C for 24 hours to give a dressing (§-glucan content: 2.45%)
according to the present invention. The -glucans were found uniformly dispersed. The drassing of the prasent invention
was evaluated for stability and flavor. Tha resuits are shown in Table 1. Thea resulting drassing was proved exselient in
stability and flavor.

Comparative Example 4: Production of dressing

f6135] Ten paris of egg voik, 1.5 parts of edible salt, 11 paris of vinegar, 2.5 parts of soft white sugar, 0.05 part of
mustard powder, and 0.05 part of onion powder ware mixad by stirring in @ mixer at a high spaed for 5 minutes to prepare
an aguaous phase. While the aqueous phase was further stirrad in a homomixer at a high speed, 75 parts of a fat and
oil mixture consisting of 40 parts of rice oil, 20 parts of olive oil, and 35 parts of saffiower oif was slowly added thereto.
The mixture was emulsified and cooled at 5°C for 24 hours {o give a drassing, which was evaiuated for stability and
flavor for comparison. The resuits are shown in Table 2.

Example 12: Production of mayonnaise

[0138] Thirty parts of soybean salad oil was added to 30 parts of sample 1 obtained in Preparation Example 2, and
the mixiure was stirred for preliminary emulsification to prepare a fat and oil composition containing B-glucans extracted
fronmy a gramineous plant according to the present invention. A thorcughly stirred mixiure consisting of 9 pans of egg
yolk, 5.2 paris of starch, 8.2 parts of sugar, 2.8 parts of edible salt, 8 parts of vinegar, 1 part of seascning spices, and
8 parts of water was added to the fat and oif composition, and the mixture was finally emulsified in & colloid mill to give
mayonnaise (f-glucan content: 0.09%) according to the present invention. The B-giucans were found uniformly dispersed.
Tha mayonnaise of the present invention was evaluated for stability, smoothness, and flavor. The resuits cbtainad are
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shown in Table 1. The resulting mayonnaise underwent no separation of water when stored for 1 moenth and had a
amooth texture and a very good flavor,

Comparative Exampla 5 Production of mayonnaise

{4371 Thirty parts of soybean salad oil was added to 30 parts of water, and the mixture was stirred for praliminary
amulsification to prepare a fat and oil composition. A thoroughily stirred mixture consisting of 9 parts of eqg volk, 5.2
parts of starch, 8.2 parts of sugar, 2.8 parts of adible salt, 8 parts of vinegar, 1 part of seasoning spices, and 6 parts of
water was added to the fat and oil composition, and the mixture was finally enulsified in a colloid mill to prepare
mayonnaise, which was evaluated for stability, smoothness and flaver for comparison. The rasults obiained are shown
in Table 2.

Example 13: Production of mayonnaise

[0138] Nine parts of egg volk, 8.2 parts of sugar, 2.8 parts of adible salt, 8 parts of vinegar, 1 part of seasoning spices,
and 36 parts of sample 4 obtained in Preparation Example 5 were mixed to prepare an aguecus phase. To the agueous
phase were added 25 paits of rapesead ol and 10 parts of the fat and oil composition of Example 1, and the mixture
was preliminarily emuilsified by stirring and finally amulsified in a colioid mill to prepare mayonnaise (B-giucan content:
5.20%) according o the present invention. The f-glucans were found uniformiy dispersed. The mayonnaise of the
present invention was avaluated for stability, smoothness, and flavor. The resuits obtained are shown in Table 1. The
resulting mayonnaise undenwant no separation of water when stored for 1 month and had 8 smooth textura and a vary
goed flaver.

Comparative Exampla 6: Production of mayonnaise

[0139] Nine parts of egg yolk, 8.2 parts of sugar, 2.8 parts of edibie salt, 8 parts of vinegar, 1 part of seasoning spices,
and 36 parts of water ware mixed {0 prepare an agueous ghase. To the agueaous phase were added 25 paris of rapeseed
oif and 10 parts of paim cil, and the mixture was preliminarily emulsified by stirring and finally emulsified in a colloid mill
to prepare mayonnaise, which was evaluated for stability, smoothness, and flavor for comparison. The resuits obtained
are shown in Table 2.

Example 14: Production of fat spread

{01481 A mixture consisting of 27.8 parts of hydroganated fish oil (melting point: 36°C), 18.4 parts of cotton sead oif,
40 parts of sampie 1 obtainad in Freparation Example 2, 12.3 parts of water, 1 part of adible salt, 0.5 part of defaited
milk powder, 0.2 part of flavors, and 0.3 part of iecithin was emulsified and rapidly cooled for plasticization to prepare
fat spread (B-glucan content: 1.20%) according to the present invention. The f-glucans weare found uniformly dispersed.
Tha fat spread of the present invention was evaluated for stability, smoothness, and flavor. The results are shown in

Table 1. The resulting fat spread underwent no separation of water when storad for 1 month and had a smooth texture
and a very good flavor,

Comparative Example 7: Preparation of fat spread

f61441 A mixture consisting of 27.8 parts of hydrogenated fish oll (melling point: 36°C), 18.4 parts of cotion seed oil,
52.3 parts of watar, 1 part of edible sait, 0.5 part of defatted milk powdar, 0.2 part of flavors, and 0.3 part of lecithin was
emulsified and rapidly cooled for plasticization to prepare fat spread, which was evaluated for stability, smoothness and
flavor for comparison. The resuils are shown in Table 2.

Example 15: Production of curry sauce mix

[01421 Forty-four parts of wheat flour (cake flour) and 34 parts of the shortening obtained in Example 8 wera pan-fried
prown, and the resuiting roux was mixed with 8 parts of a commaercially available curry powder mix to obtain a curry
sauce mix {B~giucan content: 1.70%) according to the present invention. The B-glucans were found uniformly dispersed.

Example 18: Production of cockias

[6143] Fifty parts of the fat and oil composition-3 containing f-glucans extracted from a gramineous plant obtained in
Example 3 and 50 parts of soft white sugar were kneaded into cream in @ hobart mixer at a high speed for § minutas.
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A mixture of 15 parts net of whole eggs, 1 part of adible salt, and 0.5 part of ammionium hydrogencarbonate was added
thereto, followed by mixing at a medium speed for 30 seconds. A hundred paris of sieved wheat flour was added, followed
by mixing at a low spaed for 30 seconds to prepare dough. The dough was put into a cvlinder of € em in dlamater,
pressad out by 1 em, and cut. The cut pleces of tha dough were baked at 200°C for 13 minutes to obtain cockies (B-
glucan content: 5.86%) according to the present invention. The f-glucans were found uniformiy dispersed. The cookies
of the present invention were evaluated for hardness and flavor. The results are shown in Table 1.

Comparative Example 8: Production of cookies

[0144]  Fifty parts of a fat and oit mixture consisting of 30 parts of paim olein oil, 70 parts of rapeseed cil, and 0.2 part
of protease-hydrolyzed eqg yolk and 50 parts of soft white sugar were kneaded into cream in a hobart mixer at a high
speed for 8 minutes. A mixture of 15 parts net of whole eggs, 1 part of edibie salt, and 0.5 part of ammonium hydrogen-
carbonate was added thereto, followad by mixing at a madium speed for 30 seconds. The mixture was furthar processed
in the same mannar as in Exampla 16 1o obtain cockies, which were evaluated for hardness and fiavor for comparison,
The results are shown in Table 2.

Example 17: Production of cookias

{0145] Fifty paris of the fat and oil composition-& containing B-glucans extracted from a graminecus plant obtained in
Example 5 and 40 paris of soft white sugar of beet were knaaded into creany in a hobart mixer at a high speed for &
minutes. Twenty parts of raisin paste was addad and mixed into the cream at a madium spaed for 30 seconds. Sieved
foxtail millet flour was added, followed by mixing at a low speed for 30 seconds o prepare dough. The dough was put
into a cylinder of 8 om in diameter, prassed out by 1 cm, and cut. The cut pieces of the dough were baked at 180°C for
15 minutes to obtain cookies (B-glucan content: 0.10%) according to the present invention. The B-glucans were found
uniformiy dispersed. The cookies of the present invention were evaluated for hardness and flavor. The results are shown
in Table 1. The resulting cockies had a satisfactory texture despite the fact thal neither eggs nor dairy products was used.

Comparative Example 9: Production of cookies

[0146] A mixture of 20 parts of hydrogenated soybean oif {melting point: 45°C), 35 parts of paim oil, 30 parts of cotton
seed oil, and 0.2 part of soybean lysclacithin was aliowed to stand at 70°C for 10 minutes and then emuisified in & high-
speed mixar, followed by rapid cooling for plasticization to prepare an edible fat and oil composition having margarine-
like physical properties. Fifty paris of the fat and oif composition and 40 parts of soft white sugar of beet were kneaded
into cream in a hobart mixer at a high spead for 8 minutes. Twenty parts of raisin paste was added, followed by mixing
at a medium speed for 30 seconds. The resulting mixture was further processed in the same manner as in Example 17
to obtain cookies, which were evaluated for hardness and flavor for comparison. The resuits are shown in Table 2.

Example 18: Production of chocolate

{81471 Twelve paris of cacac mass, 45 parts of powderad sugar, 20 parts of whole milk powder, 13 out of 23 paris of
cacan butter, and 2 parts of sample £ of Preparation Example 3 were put into a hobart mixer and mixed with a beater
at a medium speed for 3 minutes. The mixture was rolled and conched o prepare a fat and oif composition containing
B-glucans extracted from a gramineous plant according to the present invention. As observed with the naked eye, the
B-giucans were found uniformly disparsed. The rest of cacao butter was added therete and mixed to obtain chocolate
mass. The chooclate mass was subjected to tempering, poured into a mold, and cooled down to obtain chorolate of the
present invention, which was evaiuated for smoothness, hardness, and flavor. The results obtained are shown in Table
1. The resuiting chocolate had good meit in the mouth and a good flavor,

Comparative Example 10: Production of chocolate

f6148] Twelve parts of cacac mass, 45 parits of powdered sugar, 20 parts of whole milk powder, 13 out of 23 parts of
cacao butter, and 2 parts of a fat and oil composition consisting of 30 parts of palm olein oil, 70 parts of rapeseed oil,
and 0.2 part of protease-processed egg yolk were put into a hoban mixer and mixed with a beater at a medium speed
for 3 minutes. The mixiure was rolled and conched to prapare a fat and oif composition. The rest of cacao butter was
addad thereto and mixed to obtain chocolate mass. The chocolate mass was further procassed in the same manner as
in Exampla 18 o obtain chocolate, which was evaluated for smoothness, hardness, and flavor for comparison. The
resulis obtained are shown in Table 2.
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Example 19: Production of chocolate

{0148 Twalve parts of cacac mass, 45 paris of powdered sugar, 20 parts of whole milk powder, 23 parts of cacao
putter, and 20 parts of the fat and oif composition-2 containing P-glucans extracted from a graminenus plant preparad
in Example 2 were put inte a hobart mixer and mixed with a beater at a medium speed for 3 minutes. The mixiure was
rofled and conched o obtain chocolate mass. The chocolate mass was subjected to tempering, poured into 2 meld, and
cooled down to obtain solid chocolate of the present invention. Tha #-glucans were found unifermiy disgersed. Tha
chocolate of the presant invention was evaluated for smoothness, hardness, and flavor. The resuits are shown in Table
1. The resuiting chocolate had goed meit in the mouth and a good flavor.

Comparative Example 11: Production of chocolata

{34501 Twelve parts of cacac mass, 45 parts of powdared sugar, 20 paris of whole milk powder, 23 parts of cacao
hutter, and 20 parts of palm oil were put into a hobart mixer. The same procedures of Example 19 wera then followed
to obtain a chocolate product, which was evaluated for smoothness, hardness, and flavor for comparison. The results
obtained are shown in Table 2.

Exampls 20: Production of bread

[0151}  Bread was mads by using the -glucan-containing margaring obtained in Example 9. A hundred parts of wheat
flour, 3 parts of yeast, 4 parts of sugar, 2 parts of edible salt, 8 parts of the margarine obtained in Example 8, and 80
parts of water were mixed in a hopper mixer at & mixing temperature of 28°C at a low speed for 2 minutes and at a high
speed for 4 minutes te prepare bread dough. The dough was allowed to ferment at 28°C for 60 minutes and divided into
450 g portions, which wera each formed into & ball and allowad o prove at 28°C for 20 minutes. The dough was passed
through a sheeter three times, shapad, put intoc a one-loaf pan, and finally proofed at 38°C and 90% RH until it rose 2
cm above the hip of the pan. The final proofing took 42 minutes. The proofed dough was baked at 220°C for 23 minutes
to obtain a loaf of braad (-glucan sontent: 2.10%) according fo the present invention. The f-glucans were found uniformiy
dispersed. The bread of the presant invention was evaiuated for hardness and flavor. The resuits obtained are shown
in Table 1. The resulting bread had sofiness, good volume and a satisfactory texiure.

Comparative Exampla 12: Production of bread

{01452} Bread was made in the same manner as in Example 20, except for replacing the margarine used in Example
20 with margarine which was prepared in the same mannar as in Example 9 excapt for using no g-glucans. The resulting
bread was avaluated for hardness and flavor for comparison. The results obtained are shown in Table 2.

Example 21: Production of bread

{81531 A hundred parts of wheat flour, 3 parts of yeast, 4 parts of sugar, 2 parts of edible salt, 2 parts of the powderad
fat and ol obtainad in Exampia 7, 4 parts of shortening, 50 paris of the sample oblained in Preparation Exampia 2, and
13 parts of water wera mixed in @ hoppar mixer at a mixing temperature of 28°C at a low speed for 2 minutes and at a
high speed for 4 minutes to prepare bread dough. The dough was allowead to ferment at 28°C for 60 minutes and divided
into 450 g portions, which were each formed into a ball and allowed to prove at 28°C for 20 minutes. The dough was
passed through a shaeter thres times, shaped, put inle a one-loaf pan, and finally proofed at 38°C and 90% RH until it
rasa 2 om above the lip of the pan. The final proofing took 48 minutes. The proofed dough was bakad at 210°C for 30
minutes to obtain a loaf of bread (§-glucan content: 2.00%) according to the present invention. The B-glucans were found
uniformiy dispersed. The bread of the present invention was evaluated for hardness and flaver. The rasults obiained
are shown in Table 1. The resulting bread had softnass, good volume and a satisfactory texture.

Comparative Example 13: Production of bread

[0154] A hundred parts of wheat flour, 3 parts of yeast, 4 parts of sugar, 2 parts of edible salt, 2 parts of a powderad
fat and oil prepared in the same manner as in Example 7 except for using no B-glucans, 4 parts of shoriening, and 83
paris of water were mixad in a hopper mixar at a mixing temperature of 28°C at a low spaed for 2 minutes and at a high
spaed for 4 minutes to prepare bread dough. The dough was further processed in the same manner as in Example 21
to obtain a loaf of bread, which was avaluated for hardness and flavor for comparison. The results are shown in Table 2.
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Example 22: Making of boiled rice

[01585] Japonica rice cultivar Koshihikari made in Niigata was washad well with water. To 100 parts of washed rice
ware added 80 parts of water and 4 parts of the fatand ¢il composition-1 containing §-glucans extracted from a gramineous
plant which was obtained in Example 1. The rice was boiled in an electric rice cooker to obtain boiled rice (B-glucan
contant: 1.10%). The B-glucans were found uniformly dispersad. The boiled rice was evaluated for hardness. The results
are shown in Table 1. The resulting boiled rice had a light and soft texture.

Comparative Example 14: Making of boiled rice

[0156] Japonica rice cultivar Koshihikari made in Niigata was washed well with water. To 100 parts of washad rice
were added 80 parts of water and 4 paris of soybean oil. The rice was boiled in an electric rice cooker o obtain boiled
rice, which was evaluated for hardness for comparison. The resulis are shown in Tabkle 2.

Example 23: Production of gopcorn

[0157] Intoapanwere put 100 parts of popeorn kameis, 2 parts of edible sait, and 10 parts of the fatand il compaosition-
4 containing B-ghicans extracted from a gramineous plant obtained in Example 4, and the pot covarad with a lid was
heated on fire to obtain popcorn (-glucan content: 0.41%). The B-giucans were found uniformiy dispersed. The popcom
of the present invention was evaluated for texture. The rasults are shown in Tabkia 1. The resulting popcorm had goed
quality with a smocth and light texturs,

Example 24: Production of fofu

[0158] Tofuwas produced by using the shortening prepared in Example 8. Soybeans were soaked in water. A hundrad
paris of scaked soybeans was ground together with 140 parts of water, boiled at 100°C for 5 minutes, put into a cotion
bag, and squaezed o obtain soy milk. To the soy milk ware added 3 parts of a coagulant (caicium suifate) and 10 paris
of the shortening obtained in Exampie 8. The mixture was gently stirred, coagulated at 75°C, and poured info a strainer
lined with cotton cloth, left to stand for 30 minutes o obtain tofu (B-glucan content: 1.70%) according fo the present
invention. The f-glucans were found uniformiy dispersed. The resulting fofu was evaluated for smocthnass and flavor.
Tha resulte are shown in Table 1. The rasulting fofu had a good textura,

Comparative Example 15: Production of fofu

[0158] Sovbeans were soaked in water. A hundred parts of soaked soybeans was ground together with 140 parts of
water, boiled at 100°C for 5 minutes, put into a cotton bag, and squeered to obtain soy milk. To the soy milk were added
3 paris of a coagulant (caicium suifate) and 10 parts of shortening prepared in the same manner as in Example 8 except
for using no B-glucans. The mixtura was gently stirred, coagulated at 75°C, and poured into a strainer lined with cotton
cloth, left to stand for 30 minutes to obtain fofu, which was evaluated for smoothness and flavor for comparison. The
results are shown in Table 2.

Example 25: Production of soft chocolate

[01601 A mixture consisting of 50 paris of sugar, 5 parts of cacao mass, 15 paris of whole fat milk powder, 30 parts
of the fat and olf cornposition-2 containing B-glucans extracted from a gramineous plant which was obtainad in Example
2, 0.3 part of lecithin, and 0.04 part of vanillin was subjected to rolling and conching in & usual manner to obtain soft
chocolate (B-glucan content: 17%) according to the present invention. The §-glucans were found uniformiy dispersed.
The soft chorolate of tha presant invention was evaluated for smoothness, hardnass, and flavor. The resuits obtained
are shown in Table 1. The resulting soft chocolate underwent no blooming and had a good flavor.

Comparative Example 18: Production of soft chocolate

{0161] A mixiure consisting of 50 parts of sugar, 5 parts of cacac mass, 15 parts of whole fat milk powder, 30 parts
of paim oil, 0.3 part of lecithin, and 0.04 part of vanillin was subjectad to rolling and conching in a usual manner {o obtain
soft chocolate, which was evaluated for smoothnass, hardness, and flavor for comparison. The results obtained are
shown in Table 2.
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Example 28: Production of water-free cream

f0162} Thirty-five parts of the fat and oil composition-8 containing §-glucans extractad from a graminecus plant which
was cbtained in Example 8, 45 parts of sugar, 10 parts of a tasty gowder, and 10 parts of milkk powder were mixed to
obtainwater-free cream{B-giucancontent: 1.50%)according to the present invention. Thep-glucans were found uniformiy
dispersed. The water-free cream of the present invention was evaluated for smoothnass and flaver. The results ars

shown in Table 1. The rasulting water-frea cream had good melt in the mouth and a very good flavor,
Comparative Example 17: Production of water-free cream

{0183} Thirty-five parts of a fat and oil composition prepared in the same manner as in Example 8 axcept for using no
B-glucans, 45 parts of sugar, 10 parts of & tasty powder, and 10 parts of milk powder were mixed to obtain water-free
cream, which was evaluated for smoothnass and flavor for comparison. The resuits are shown in Table 2.

Example 27: Production of whipped cream for cream sandwiches

f0184] A mixture of 100 parts of the fat and oil compuosition-& containing §-glucans extractad from a gramineous plant
which was prepared in Exampie 8 and 0.1 part of & monoglyceride was beaten into whipped cream having a specific
gravity of 0.3. A hundred parts of sugar syrup was added, and the cream was further beaten o prepare whipped cream
having a specific gravity of 0.65 B-glucan content: 2.18%), which was for cream sandwiches. The §-glucans weare found
uniformiy dispersed. The whipped cream of the present invention was evaluated for smoothness and flavor. The results
are shown in Table 1. The resulting whipped cream had a very good flavor.

Comparative Exampla 18: Production of whipgad cream for cream sandwichas

[0165] Whipped cream for cream sandwiches was made in the same manner as in Example 27, except for using 100
paris of a fat and oil compoesition prapared in the same manner as in Example 8 except for using ne f-giucans. The
resulting whipped cream was evaluated for smoothness and flavor for comparison. The results obtained are shown in

Table 2.

"

Example 28: Production of hard candy

[0468] Thirty-five paris of a fat and oil compeosition consisting of 100 paris of the fat and oif of Example 1, 100 parts
of the fat and il of Example 2, 23 parts of a polyglycerol fatty acid estar, 14 parts of & glyceral fatty acid ester, and 4
parts of a sucrose fatty acid ester, 35 parts of sugar, 8.5 parts of thick malt syrup, 1.5 parts of defatted millc powder, and
40 parts of water were mixed into an oil-in-water emulsion, which was boeiled down until the femperature reached 140°C
and further concentrated until the water content was reduced to 1.8%. The resulting thick syrup was cooled and molded
to obtain hard candy (B-glucan content: 17.80%). The B-glucans wera found uniformly dispersed. The hard candy of the
present invention was evaluated for smoothness and flavor. The resuits are shown in Table 1. The resulting hard candy
undarwent no bleading of oily componants during storage and had a good flavor.

Comparative Example 19: Production of hard candy

fe167} Thirty-five parts of a fat and oil composition consisting of 100 parts of soybean oii, 100 parts of palm oil, 23
paits of @ polyglycero! fatty acid ester, 14 parts of a glycerol fatly acid ester, and 4 parts of & sucrose fatty acid ester,
38 parts of sugar, 8.5 parts of thick malt syrup, 1.5 parts of defatted milk powder, and 40 parts of water were mixed into
an oil-in-water emulsion, which was bolied down until the temperature reachad 140°C and further concentrated to water
contant of 1.8%. The resulting thick syrug was cocled and molded to obtain hard candy. The resulting hard candy was
avaluated for smoothness and flavor for comparison. The results are shown in Table 2.

Example 28: Production of whipped cream

{0468] In 50 parts of water heated to 80°C were dissolved 5 parts of defatted milk powder and 0.1 pan of sodium
tripolyphosphate while stirring to prepare an agqueous phase. Separately, 10 parts of the fat and oil composition of
Example 1, 20 paris of the fat and ofl composition of Example 2, and 15 parte of the fat and ol composition of Example
3 were mixed to prepare an oily phase. The cily phase was mixed with the agueous phase by stirring to prepare a
preliminary emuision. The preliminary emulision was homeogenized under a pressure of § MPa, sterilized in a VTIS
sterilization apparatus at 142°C for 4 seconds, re-homoegenized under a pressure of 5 MPa, conled to 5°C, and than
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aged in a refrigerator for 24 hours to give whipped cream {-glucan content: 19.73%) according to the present invention.
The B-glucans were found uniformly dispersed. The whipped cream of the present invention was evaluated for stability,
smoothness, and flaver. The resulis are shown in Takia 1. The resulting whipped cream was proved to have satisfactory
qualities of overrun, emuision stability, haat resistant shape retention, flavor, melt-in-the-mouth, and shapability in piping
into rosettes.

Comparative Example 20: Production of whipped cream

[0168] In 50 parts of water heated to 60°C were dissolved 5 parts of defatted milk powder and 0.1 part of sodium
tripolyphosphate while stirring to prepare an aguaous phase. Separately, 10 parts of soybean oif, 20 parts of palm il
and 15 parts of rapeseed cil wera mixed to prepare an oily phase. The oily phase was mixed with the agueous phase
by stirring o prepare a preliminary emulsion. The preliminary emuision was further processed in the same manner as
in Example 29 to obtain whipped cream, which was evaluated for stability, smoothness, and fiavor for comparison. The
resulis obtainad are shown in Table 2.

Exampie 30: Production of milk substitute compaosition

[0170] In 64 parts of water heated to 80°C were dissolvad 25 parts of defatted milk powder, 0.2 part of sodium
hexametaphosphate, 0.2 part of sodium citrate, and 0.3 part of a sucrose fatty acid ester while stirring to prepare an
aquaous phase. To the aquecus phase was added 10 parts of the fat and oil composition of Example 8, 0.3 part of a
glycerci fatty acid ester and mixed by stirring 1o prepara a prefiminary emulsion. The preliminary emulsion was homog-
enized under a pressure of 8§ MPa, sterilized in a VTIS sterilization apparatus at 142°C for 4 seconds, re-homogenized
under a pressure of 15 MPa, and cooled to 5°C to obtain a milk substitute composition {(-glucan content: 0.08%)
according to the present invention. The B-giusans were found uniformly disgersed. The milk substitute composition of
the present invention was evaluated for stability and flavor. The results are shown in Table 1. The resulting milk substitute
compeosition was proved satisfactory in both flavor and emulsion stability.

Comparative Example 21: Production of milk substitute composition

[01741  In €4 parnts of watar heated to 60°C ware dissolved 25 paris of defatted milk powder, 0.2 part of sodium
hexametaphosphate, 0.2 part of sodium citrate, and 0.3 part of a sucrose fatly acid ester whila stirring to prepare an
aqueous phasa. To the agueous phase were added 10 parts of the fat and oil compeosition of Comparative Example 6
and 0.3 partof a glycerol fatty acid ester and mixed by stirring o prepare a preliminary emuision. The preliminary emulsion
was further processed in the same manner as in Exampla 30 o give a milk substitute composition. The rasuiting mik
substitute composition was evaluated for stability and flavor for comparison. The results are shown in Table 2.

Example 31: Production of food (margarine) prophylactic for habitual diseasa

[0172] Ten parts of hydrogenated soybean oil {melting point: 45°C}, 35 parts of paim oil, 10 parts of the fat and oil
composition-1 containing B-glucans extracted from a gramineous plant which was obtained in example 1, 30 parts of
an interesterified ol containing 10% or more of plant sterc] or plant sterol fatty acid esters, 13.3 parts of sample 1 cbtained
in Preparation Exampie 2, 1 part of adible salt, 0.5 part of defatted milk powder, and 0.2 part of flavor were emulsified
and rapidly cocled for plasticization to produce margarine having a cholesterol iowering effect (B-glucan content: 4.95%)
according to the present invention. The §-glucans were found uniformly dispersed. The margarine having a cholasterol
lowering effect according to the gresent invention was evaluated for smocthness and flavor. The results are shown in
Table 1. The resuiting margarine had good mett in the mouth and a good flavor.

Comparative Example 22: Production of food (margarine} prophylactic for hakitual disease

[0173] Ten parts of hydrogenated soybean il (melting point: 45°C), 35 parts of paim o, 10 parts of soybean oil, 30
parts of an interesterified oil containing 10% or more of plant stercl or plant sterol fatly acid estars, 13.3 parts of water,
1 part of edible sait, 0.5 part of defatted milic powder, and 0.2 part of flavor were amulsified and rapidly cooled for
plasticization fo produce margarine having a cholesterol lowering effect, which was evaluated for smoothness and flavor
for comparison. The results are shown in Table 2.

Example 32: Production of drug prophylactic for habitual diseases

{0174} Three parts of high purity DHA (purity: 98%; POV: 1.0 mew/kg or less) containing 4000 pum of u-teoopharod,
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20 parts of sample 1 obtained in Preparation Example 2, and 10 parts of casein sodium were emulsified in a high-speed
mixer in a nitrogen atmosphere and spray dried to prepare a powdered drug prophylactic for habitual diseases (3-glucan
content: 4.60% ) according o the present invention. The f-glucans wera found uniformly dispersed. The drug prophylactic
for habitual diseases according o the gresent invention was evaluated for stability. The resuits are shown in Table 1.
The POV of the powder was 0.8 meg/kg, proving the drug o be excellent in antioxidation stability.

Comparativa Example 23: Production of drug prophylactic for hahitual diseases

[0175] Three parts of high purity DHA (purity: 98%; POV 1.0 meg/kg or less) containing 4000 ppm of a-tocopherai,
20 parts of water, and 10 parts of casein sodium were emuisified in @ high-spaed mixer in a nitrogen atmosphere and
spray dried into powder, which was evaluated for stability for comparison. The resuits are shown in Table 2. The POV
of the powder was 1.4 meaq/kg, indicating inferior antioxidation stabiiity.

TABLE 1
Texture
Exampie No. | Stability
Smoeothness | Hardness | Flavor

2 . - n -

3

4 - - - -

5 - - - -
8 - A - A
3 A A - A
10 A - A
1 A - - A
12 A A - A
13 A A A
14 A A - A
15 - - - -
16 A A
17 - - A A
18 - A A A
19 - A A A
20 A A
21 - - A A
2 - - A -
23 A
24 - A - A
25 - A A A
28 - A - A
27 - A - A
28 A A - A
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Exampie No. | Stability

Texture

Smoothnass

Hardness

Flavor

A

A

TABLE 2

Comparative Example No.

Stabi

Taxture

ity

Smoothness

Hardness

Fiavor
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Examples 33 to 37 and Comparative Examples 24 to 27:

[0178] These Exampies and Comparative Examples were carried out with the §-glucan extract (sample 2) which was
prepared in Preparation Example 3 {Preparation of 8-glucans).

26
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Example 33:

[O1771  In 80.5% of warm water (60°C) was dispersed 0.5% of the B-glucan exiract (sample 2), and 49% of paim oil at
60°C was dispersed and emulsified therein. The resulting emulsion was homogenized at 60°C under a prassure of 100
kg/em? and heated up to 100°C by use of a scraped surface heat exchanger (rotational speed: 1200 rpm). The emulsion
was cooled to 5°C and aged for 24 hours to prapare an oil-in-water emulsified composition. When the resulting oil-in-
water emulsified composition was stirred in a mixer, heatad to 80°C, and centrifuged at a rotational speed of 3000 rpm
for 20 minutes, it undarwent no oil separation, showing high emuision stability against both physical and thermal stresses.

Example 34:

[O178]  In 48.5% of warm water (60°C) having dissolved therein 1% of a whey protein concentrate (mainly comprising
B-lactalbumin and o-lactalbuming protein content: 80%) was disparsed (.5% of the B-glucan extract (sample 2}, and 49%
of palm oil heated at 80°C was disparsed and emuisified therein. The resulting emuision was homogenizad at 80°C
under a pressure of 100 kgfem? and heated up to 100°C by use of a scraped surface haat exchanger (rotational speed:
1200 rpn). The emuision was cooled o 5°C and aged for 24 hours to prepare an oil-in-water emulsified composition.
When the resulting oil-in-water emuisifiad composition was stirred in a mixer, heatad to 80°C, and centrifuged at a
rotational speed of 3000 rpm for 20 minutes, it underwent no ol separation, showing high emulsion stabiiity againstboth
physical and thermal stresses.

Comparative Example 24:

f61781  An oil-in-water emuisified composition was preparad in the same manner as in Example 33, except that the -
glucan extract {(sample 2) as usad in Example 33 was not added and that the warm watar was used in 8 proportion of
51%. When the resulting oil-in-water emulisified composition was stirred in a mixer under the same condition as in
Example 33, the oily component separated. When it was heated to 60°C and cenirifuged at 3000 rpm for 20 minutes,
phase separation showing marked oil separation occurrad. Emulsion stability against physical and thermal stresses was
not observad.

Comparative Example 25:

f0180] An oikin-water emuisified composition was preparad in the same manner as in Example 33, except for adding
0.5% of a sucrose faity acid ester (HLB: 18) in place of the B-glucan extract {(sample 2} used in Exampie 33. The
composition was evaiuated for emulsion stability in the samea manner as in Example 33. When tha resulting oil-in-water
amulsified composition was stirred in a mixer, heated to 80°C, and centrifuged at 3000 rpm for 20 minutes, it underwent
appreciable oif separation, showing no emulsion stability against physical and thermal stresses.

Comparative Exampla 28:

31481 An oil-in-water emuisified composition was prepared in the same manner as in Example 33, except for adding
0.5% of a giycarol fatly acid ester (HLB: 4.3} in place of the B-glucan extract (sample 2} usad in Example 33. Tha
composition was evaluated for emulsion stability in the same manner as in Example 33. When the resuiting oil-in-water
emulsified composition was stirred in a mixer, heated to 60°C, and centrifuged at 3000 rpm for 20 minutes, it underwent
appreciable oil separation, showing ne emulsion stability against physical and thermal stresses.

Example 35:

{04821 In 568.86% of warm water (80°C) was dispersed 0.4% of the B-glucan extract (sample 2}, and 43% of palm oil
heated at 60°C was dispersed and emulsifiad therain. The resulling emuision was homogenized at 80°C under a pressure
of 100 kg/en? and heated up to 100°C by use of a scraped surface heat exchanger {rotational speed: 1200 rpm). The
emulsion was cooled to 5°C and aged for 24 hours to prapare an oll-in-water emulsified composition. The resulting oil-
in-water emulsified composition was frozen at -20°C for 24 hours. Whan the frozen oil-in-water emulsified composition
was thawed at 15°C, oil separation did not occur, proving the composition to have high emuision stabiiity against freezing.

Comparative Example 27:

[0183] An oil-in-water emuisified composition was prepared in the same manner as in Example 35, except that the -
glucan extract (sample 2) as usad in Example 35 was not added and that the warm water was used in a proportion of
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57%. The resulting oil-in-water emulsified composition was frozen under the same conditions as in Example 35. When
the frozen cil-in-water emuisified composition was thawed at 15°C, it underwent oil separation, showing no emulsion
stability against freezing.

Example 36:

{0184] Salted agy volk {edible salt content: 8%) was adjusted to pH 8.4 with sodium hydroxide. To 100 parts of the
salted egg volk was added 0.015 part of phospholipase A of swine pancreatic juice origin, and the mixture was treated
at 40°C for € hours. Then 0.001 part of bromelain was added and allowed fo react at 45°C for § hours, followed by
cooling to 10°C o obtain enzyme-processed egg yolk having a water content of 48%. Water (41%), 10% of thick mait
syrup {water content: 30%), 7% of vinegar {acetic acid acidity: 10%,; watar content: 90%), 1.8% of edible salt, 0.1% of
sodium giutamate, C.1% of animal protein hydrolyzate, 0.5% of mustard powder, and 10% of the enzyme-processed
agg yolk were mixed up to prepare an aquecus phase. Separately, an oily phase was prepared by mixing 27% of soybaan
salad oil, 1.5% of tha B-glucan axtract (sample 2), and 1% of modified starch obtained by phosghoric acid-crossiinking
waxy cormn followed by gelatinization. The oily phase was added to the agueocus phase while stirring to obtain an ocil-in-
water preliminary emuision, which was emulsified in a colloid mill to obtain a sour oil-in~water emulsion containing the
P-giucans of the present invention and having a water contant of 55%. A 5C g portion of the sour oil-in-water emulsion
was put into a 100 mi beaker and haated in a microwave oven (high-frequency output: 500 W) for 30 seconds, and the
appearance, texture, and flavor were examined. it was found as a result that the emulsion underwent no oil separation,
axhibited good shape ratention, and had a creamy textura and a good mayonnaise flavor. Further, ancther 50 ¢ portion
of the sour oil-in-water emulsion was put into @ 100 mi beaker, preserved in a freezer at -20°C for 30 days, and haated
as frozen in a microwave oven {high-frequency outpul: 500 W) for 30 seconds, and the appearance, texture, and flavor
ware investigated. it was found as a resulf that the emuision showead no oil separation, exhibited good shape retention,
and had a creamy texture and a satisfactory mayonnaise flavor.

Example 37:

[0185] A mixed oil (81.3%) consisting of 80% of hydrogenated fish oil having a meiting point of 34°C, 15% of scybean
oif, and £% of soft palm oil (melting point: 25°C) was mixed with 0.1% of lecithin and 0.1% of the B-glucan extract {sample
2}, and the mixiure was heated o about 60°C to prepare an oily phase. Separataly, an aqueous phase was prepared
from 16% of water, 1% of defatted milk powder, 1% of an enzyma-processed agg yoik prepared in the same mannar as
in Example 36, and 0.5% of adible salt. The aqueous phase was slowly added to the oily phase while stirring thoroughly
to make a water-in-oil emuision, which was sterilized and rapidly cooled for plasticization in a conventional manner &
obtain margarine for dough and hatter. The rasuiting margarine for dough and batter was evaluated for emuision stability
(whether water was released when aged at 5°C for 24 hours and then pressed with a8 spatula) and flavor. As a result,
water separation was not observed, and the flavor was good.

Examplas 38 to 42 and Comparative Example 28:

{31881  Quality modifiers wera prapared by using the B-giucan extract (sampie 2) cblained in Preparation Example 3
{Preparation of B-glucans). Ingradisnts were compounded according o the formulation shown in Table 3 below and
mixed in a 10 liter rocking mixer, a dry powder blender, for 1 hour to obtain modifiers-1 to -5 and comparative product-
1 having the ingredients uniformly dispersed.

f81871 The resulting modifiers-1 to -5 and comparative product-1 were subjected o a breadmaking test (Examples
38 to 42 and Comparative Example 28). The formulations and the steps used in the test are shown in Tables 4 and 5,
respectively, and the test results are shown in Table 6.

f3188) Evaluation for the properties of dough and the quality of crumb and crust, texture, sofiness, and flavor of bread
was made according o the folicwing standards,

1) Dough properties

A ... Not sticky
B ... Slightly sticky

2} Crumb guality - obsarved with the nakad eye

A ... Fine cells
B ... Having slightly rough cells

Motif Exhibit 1148, Page 409 of 3341

28



10

53

40

Case No.: IPR2023-00207
U.S. Patent No. 10,039,306

EP 1 361 264 B1
3) Crust quality - observed with the naked eye

A .. Fres from cracks, bumps, and moughnass
B ... Slight cracks, bumps or roughness observad

4} Texture
The texture was evaluated by 10 panel members and rated A or B according to the standard shown beiow. The
rating given by the greater number out of 10 panel members was the rating of the sample.

AL Very good texiure
B ... Good texture

5 Softhess
The softness was avaluatad by 10 panel members and ratad A or B according to the standard shown below. The
rating given by the greater number out of 10 panel members was the rating of the sample.

AL Vaery soft
B ... Soft

&) Fiavor
The flaver was avaluated by 10 panel membars and ratad A or B according to the standard shown below. The rating
given by the greater number out of 10 panel members was the rating of the sampile.

A Very good flavor
B ... Good flavor

TABLE 3
Formulation of Quality Modifier (general dough}
Medifier Comparative Product 1
1 2 3 4 5
Extracted B-giucan 85 70 &0 80 a0
Diacatyltartaric acid monoglyceride Na salt 10 15 8 20
Sucrose fatty acid ester 1 12
Fatty acid monoglyceride 8
L-Ascorbic acid 0.2 0.3 0.7 6.7
L-Cysline G.1 6.2
o-Amylase 0.5 0.7 0.4 1
Glucoamylase 0.5
Hemicellulase 0.5 0.2 0.5
Protease 0.1
Wheat flour 15 15 | 21.6 | 1868 54
Sugar 3.8 2 2 1.4 3
Total (%) 100 | 100 | 100 100 | 100 100
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TABLE4
Formulation for Breadmaking by Sponga-Dough Procass
(unit: part)
Exampie
Comparative Example 28
38 39 40 41 42
Bread flour (Eagle) 70 7G 70 70 70 70
Yeast 2 2 2 2 2 2
Water 45 48 48 48 48 48
Bread flour 30 30 30 3¢ 30 30
Sugar 4 4 4 4 4 4
Edible salt 2 2 2 2 2 2
Shortening 4 4 4 4 4 4
Defatted milk powder 2 2 2 2 2 2
Modifier-1 2
Modifier-2 2
Modifier-3 2
Modifier-4 2
Modifier-5 2
Comparative product- 1 2
Water 25 24 24 25 25 20
TABLE B
Steps of 70% Sponge-Dough Process
Mixing Mixer: Shinagawa, Type w DM, L '14}1 rpm; H 2385 rpm 24°C; 15 mins.
Sponge at low speed; 2 mins. at high spead
Fermentation 28°C, 30 mins.
Dough Mixing 28°C; 1.5 mins. at low spead; 2 mins. at high speed

Floor tima

28°C, 30 mins.

Shaping

Dividing Fold into three and divided into 450 g portions
The dough was passed through National Sheeter-moulder (roli clearance:
Rounding 318 in.}, foided into three, passed through the sheeter, again folded inte
three and again sheeted.
First proofing 28°C, 15 mins.
The dough was passed through the shester section of National Sheeter-
Shapin moulder once at a roll clearance of 3/8 in. and then once at 7/32 in. in the
=haping sama direction and finally at 1/8 in. in the opposite diraction. The flattened
doughwas rolled up inthe moulder section from its dry end making 15 tums.
Shape One-icaf
Pan One-loaf pan (top: 8.8 x 20.5 cm; bottom: 8.5 x 18.9 cm; 8.0 cm deep;
L=

1445 ce)

Final proofing Final proofing

38°C, >30% RH, until the dough rose 2.0 cm above the lip of the pan
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{continued)

Steps of 70% Sgponge-Dough Process

, Baking 227 to 28C°C, 23 mins.
Baking Cooling Room temperature, 40 mins.; sealed info a polyethylene bag after cooling
TABLE &
Exampies
Comparative Exampie 28
38 39 40 41 42
Water absorption (%) 71 70 70 71 71 a6
Oough properties A A B B B B
Volume (mi) 2640 | 2658 | 2620 | 2651 | 2638 2530
Crumb A A A A A A
Crust B A 5] B B 8
Textura A A A A B A
Softness A A B B A
Flavor A A A A A

[0182] Asis apparent from the test results shown in Table §, the modifiers-1 to -5 containing the extracted f-glucans
{(Examples 38 to 42) manifest excellent bread quality improving effects compared with the comparative preduct-1 con-
taining no 3-glucans {Comparative Example 28}, ltis aiso seen that the modifiers-1 to -8 contribute to flaver enhancement
and enable reduction of amounts of additives conventionally used in breadmaking without while retaining the bread
quality (Examples 39 to 42},

Examples 43 t¢ 47 and Comparative Example 28:

{01801 Quality modifiers were prepared by using the B-giucan exfract (sampie 2) obiained in Preparation Example 3
{Preparation of §-glucans).

{01481] Ingredients were compounded according to the formulation shown in Table 7 below and mixad in & 10 liter
rocking mixer, a dry powder blender, for 1 hour o obtain modifiers-8 to -10 and comparative product-2 having the
ingredients uniformly dispersed.

[0192] Frozen dough for butter rolls was prepared by using the modifiers-6 to -10 and the comparative product-2 and
evaluated for breadmaking properties (Examples 43 to 47 and Comparative Example 29). The formulation in the test is
shown in Table 8 below. The dough was prepared as follows. Ingredients other than the moedifier and margarine were
put into & mixer and mixed at 8 low spaed for 2 minutes and at a medium spead for & minutes. Tha modifisr and margaring
were gdded, and mixing was continued at a low speed for 2 minutes and then at & medium spead for 4 minutes. The
mixing temperature was 27°C. The dough was aliowed to ferment at 28°C and 75% humidity for 30 minutes. The proofed
dough was dividad into 45 g portions. After a bench time of 15 minutes, the proofed dough was shaped, deep frozen at
-38°C for 158 minutes, and stored in a freezer at -20°C. After 2, 4, 8 or 8 weak storage, tha frozen dough was thawed at
20°C, finally proofed at 38°C and 80% humidity, and baked in an oven at 200°C for 10 minutes to obtain butter roils.
After cooling, the butter rolls were packed in a polyethylene bag. After left to stand at 258°C for 24 hours, the butter rolls
were evaluated for specific volume, hardness, appaarance, and taste. The resuits obtained are shown in Tabila 8 below.
[0193] The specific volume is g vaiue obtained by dividing the volume of a sampile by its weight. The higher the value,
the higher the volume. The hardness was represented by the number of grams required for 40% compressing & 3 om
thick cut piece of & sample with a disk of 2.5 cm in diameter as measurad with a rheometer (Yamaden incorporation).
Tha smaller the number, the softer. The appearance was ckserved with the naked eye and ranked A to C (A even brown
color with a sheen; B: slightly uneven brown color with a poor sheen; C: considerably uneven brown color with no sheen).
The taste was ranked A to C {A: excellent in flavor and softness; B: normal; C: lacking in flavor or softness).
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TABLE 7
Formulation of Quality Modifier (frozen dough)
Modifier
Comparative Product 2
& 7 8 9 10
Extractad B-glucans 85 73 80 8¢ 87
Diacetyitartaric acid monogiyceride Na salt 18 18 8 20
Sucrose fatty acid ester 1 15
Fatty acid monoglyceride 15
L-Ascorbic acid 0.7 0.5 1 1
L-Cystine 6.2 1
a-Amylase 0.5 0.5 0.3 0.8
Glucoamylase 0.2 0.1 0.3
Hamicallulase 0.4 0.4 0.2 0.4
Protease 0.2
Activated wheat gluten 8 9.2 15 8 4.4 20
Wheat flour 7 3.3 | 101 24
Sugar 1 2 2 2.5
Total (%) 100 | 100 § 100 | 100 | 100 100
TABLE 8
Formulation of Frozen Dough {unit: part)
Example
Comparative Exampie 29
43 44 45 48 47
Bread flour 100§ 70 70 70 70 70
Yeast 4 2 2 2 2 2
Yeast food 0.1
Water 44 48 46 486 48 46
Soft white sugar 12 4 4 4 4 4
Whoie egg 10
Edible sal 1.3 2 2 2 2 2
Margarine 10 4 4 4 4 4
Defaited milk powder 25 2 2 2 2 2
Modifiar-8 4
Modifier-7 4
Modifier-8 4
Maodifier-2 4
Modifier-10 4
Comparative Product-2 4
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TABLE @
Evaluation for Breadmaking Properties of Frozen Dough
Exampie
Comparative Example 28
43 44 45 48 47
Specific volume | 54 55 53 &4 55 &1
Hardness 88 87 69 69 71 81
2wks
Appearance A A A A A
Taste A A A A A B
Specific volume | 5.1 5.5 53 5.2 5.4 4.8
Hardness 73 70 75 71 77 88
4 wks.
Appearance A A A A A
Taste A A A A A B
Specific volume | 5.1 5.1 52 | 51 4.9 4.5
Hardness 75 78 80 82 a1 a9z
€ wks.
Appearance A A A A B B
Taste A A A A B C
Spacific volume | 4.8 4.8 5 4.8 4.7 4.4
Hardness 85 79 a2 85 87 110
8 wks.
Appearance A A A A B B
Taste A A A B C

[0194] Asisapparentfrom the results of evaluation shown in Table 8 above, the frozen dough containing the modifiers-
& to -10 containing the §-glucan extract and having been stored in & freezer for 2 to 8 weeks exhibited excellent bread-
making properties. it was proved that the modifiers are contributory to flavor enhancement and enable reduction of
amounts of additivas conventionally emiployed in bakery products while retaining breadmaking properties of dough.

Examples 48 tc 53 and Comparative Examples 30 o 35:

[0495] Quality modifiers ware prepared by using the B-glucan extract (sample 2) obtained in Preparation Example 3
(Preparation of §-glucans).

{31881  Quality modifying compuasitions for bakery products comprising & B-glucan extract, a giucide having at isast
one of an 1-2-a-D-ghicopyranose bond, an 1-3-¢-D-glucopyranose bond, an 14-u-D-giucopyranosea bond, and an 1-6-
a-D-glucopyranose bond (g-glucan), and D-fructose (Examples 48 to 53) were evaluated for volume, flavor, texiure,
and crispness. The rasults obtained ara shown in Table 10 beiow.

[0197] Bread, French bread, Danish pastries, pizza crusts and biscuits wera made in usual manners. The volume was
evaluated with the naked evye. The flavor, texture, and crispness were evaluated by 10 panel members and rated on an
A-t0-C scale according to the following standards. The rating given to a sample by the greatest number out of the 10
panal mambers was the rating of tha sample. For comparison, Comparative Examples 30 to 35 ware carried cut. In
Table 10 below, the amounts of the extracted B-glucans, D-fructose, and a-glucans are represented as a percentage
to wheat flour taken as 100%.

1} Volume
A L Excellent volume
B ... Good volume

C ... Poor volume
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2) Flavor
A L. Very good flavor
B ... Good flavor
C ... Poor flavor
3} Texture
AL Very good texture
8 ... Good taxiure
C ... Poor texture
4) Crispnass
A ... Very crispy

8 ... Crispy
C ... Not erispy
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TABLE 10
Example Cormparative Example
48 49 50 51 52 53 30 31 32 33 34 35
Bakery oread French Dranish pizza crust bread biscuits oread French {ranish pizza crust bread biscuits
product bread pastry bread pastry
Process straight sponge-co straight sponge-do
ugh uGh
Exiractad 13.13 0.148 2.96 27.54 18.78 4.8¢
B-giucans
(%)
D-Fructose 1.3 0.01 0.5 3.5 2.3 25 1.3 .01 0.8 3.5 2.3 25
(%)
u-Glucan 75 72 74 75 73 76 75 72 74 78 73 78
{(starch)
content in
flour (%)
o-Glucans o] 2 0 5 A 5 G 2 4] 5 2 5
added (%)
Total ¢~ 75 74 74 81 75 &1 75 74 74 81 75 81
gluzansg
(%)
Extracted 10.1 14.8 4.9 7.9 8.2 G.13 - - - - - -
B-
glucans/D-
fructose
Exiracted 0.175 0.002 0.04 0.34 0.25 0.06 - - - - - -
B-ghucans/
otal o
glucans
Yeast EE1T usad usad used used not used used used usad not used used not used
Volume B B B A A C C < C C C
Flavor B A B A B C c < C C C
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Example 54: Production of instant powdered consomme

[01981 The B-glucan extract {sample 2) obtained in Preparation Example 3 (Production of i-glucans) was mixed into
a composition consisting of powderad soy sauce, edible salt, sugar, sodium glutamate, ginger powder, onion powder,
fat powder, ground pepper, and beef-flavored powdered soup in such an amount as to give a 2% concentration when
mixed with hot water to obtain instant powdered consommae. On pouring hot water into the instant powdered consomme,
tha powdar was dispersed in hot water without forming lumps to give consomme containing B-glucans.

Example 55: Making of comn potage

[0192] A hundrad milliliters of two-fold concentrate potage (availlable from Asahi Denka Kogyo KK}, 100 mi of milk,
and 20 g of the J-glucan extract (sample 2) obtained in Preparation Example 3 (Production of §-glucans) were mixed
by stirring at 80°C to prapare -glucan-containing potage. The corn potage of the present invention was excallent with
no strange feeling in tasta and texture, such as rough texture.

Example 58: Production of fermented lactic acid beverage

[0200] Fifteen grams of fermented milk having a milk sclid content of 21%, 13 g of fructose/giucese liquid sugar, 0.5
g of pectin, 0.08 g of citric acid, 0.15 g of flavor, 2 g of the f~giucan extract (sample 2} obtained in Preparation Example
3 {(Proguction of f-glucans), and 84 g of water were mixed by stirring to prepare a B-glucan-containing fermented lactic
acid beverage. The fermented lactic acid beverage was sxcellant in uniformity, taste and textura.

Example 57: Making of milk beverags

{8201} One gram of the f-glucan exiract {sample 2} obtained in Preparation Example 3 (Production of f-glucans) was
mixed inte 150 mi of milk by stirring to obtain a f-glucan-containing milk beverage. The f-giucans were found uniformiy
dissolved and dispersed in the paverage, and the milk beverage was excelient in taste and taxiure.

Example 58: Making of cocoa

[0202] Tha B-glucan extract {sample 2) obtained in Preparation Exampla 3 (Production of §-glucans) was mixed ink

a commerciaily available instant cocoa mix in such an amount as {o give a 5% concentration when mixed with hot water
to prepare a f-glucan-containing instant cocoa mix. On pouring hot water, the instant cocoa mix was dispersed without
forming lumps to provide B-glucan-containing cocoa.

Example 59 Making of cream soup with onion

[0203] B-Glucan-containing powdered soup mix was prapared by uniformly mixing well 28.7 g of edibla ¢il, 19 g of
wheat flour, 12.52 g of dried onion chips, 12 g of defatted milk powder, 8 g of edible salt, 4 g of onion powder, 1.25 g of
sodium glutamate, 2 g of chicken extract, 0.1 g of white peppar, 10 g of maize flour, 0.4 g of carrageenan, and 2.03 g
of the B-glucan axtract (sample 2) obtained in Preparation Example 3 {Production of §-glucans). A comparative soup
mix was prepared by replacing the B~glucans with 2.03 g of wheat flour. On pouring 100 mi of hot water into 20 g of each
soup mix, the f-giucan-containing soup mix was dissolved and dispersed uniformly in several seconds, whereas the
comparative soup mix formad lumps and was difficult {o dissolve.

Example 80: Making of fenmpura - 1

[8204] A hundred grams of commercial cake flowr (Nippon Flour Mills Co., Lid.), one whols egg, 3 g of the B-glucan
axtract {sample 2) obtained in Preparation Example 3 (Production of B-glucans), and 120 g of water ware lightly mixed
to prepare batter. Prawns from which the head and vein had been removed were each dipped in the batter and deep-
driad in oil to make fempura. For comparison, lempura was made by using batter containing no B-giucans. The fempura
of the present invention was superior {o the comparative one in brown color, taste and texture.

Example 81: Making of fempura - 2
{0205] A hundred grams of commercial cake flour (Nippon Flour Mills Co., Lid.), one whols agg, 3 g of the B-glucan

extract (sample 2) obtained in Preparation Example 3 (Production of B-giucans), and 120 g of water were lightly mixed
to prapare batter. Prawns from which the head and vain had besn removed wera aach digped in the batter and deep
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frozen at -20°C. The resulling frozen prawn fempura ready to deep-fry was preserved at -18°C for 1 week and deep-
dried in oil. For comparison, tempura was made by using batter containing no B-glucans. The fempura of the present
invention was superior to the comparative one in brown color, taste and texiure.

Example 62: Making of okonomi-yaki (as-you-like-it pancake)

[0208] A hundred fifty grams of commercial cake flour (Nippon Flour Milis Co., Lid.), 3/4 cup of watar, 5 g of the B~
glucan extract {sample 2) obtained in Preparation Example 3 (Production of B-giucans), and a pinch of edible salt were
mixad up thoroughly, and one whole egg was mixed therein to prepare thin dough. A portion of the dough was spread
on a hot plate olled with the fat and oil composition containing the B-glucans extracted from a gramineous piant which
was obtained in Example 4. Cabbage, green onion, sakura shrimps, and green seawead flakes were placed thareon,
and the rest of the dough was poured thereon. The dough with filling was turned up and further cooked to make okononii-
yaki. Comparative vkonomi-yaki was made without using fB-glucans. The ckonomi-yaki of the prasent invention was
axcellant in brown oolor, taste, and texture.

Example 63: Production of frozen creamy crab korokke (Japanese style croquettes) - 1

[0207] A pan was put onfire, and 70 parts of cake flour, 70 parts of saited butter, and 80 parts of onion were sauteed
in the pan. The pan was taken off the fire, and 360 parts of milk was added. The pan was put back on the fire, and the
mixture was stirred well to prepare white sauce. A hundred parts of canned crab meat was mixed inte 500 paris of the
white sauce, and the mixture was shaped into patties each weighing 50 g. Each patty was covared with cake fiour, egg,
and then bread crumbs containing % of the B-giucan extract (sample 2) obtained in Preparation Example 3 (Production
of B-glucans) and deep frozen at -30°C. After 1 month storage at -20°C, the frozen korokke was thawed, deep dried in
salad oil heated to 180°C for 2 minutes and 30 seconds, drained on paper towel 10 make creamy crab korekke. Com-
parative creamy crab korokke was made without using the B-glucans. The creamy crab korokke of the prasent invention
was superior 1o the comparative one in taste and texture.

Example 64: Production of frozen creamy crab korokke - 2

[0208] A pan was put on fire, and 70 parts of cake flour, 70 parts of saited butter, and 80 paris of onion were sauteed
in the pan. The pan was taken off tha fire, and 380 parts of milk was added. The pan was put back on the fire, and the
mixture was stirred well to prapare white sauce. A hundrad parts of canned crab meat was mixed into 500 parts of the
white sauce, and the mixture was shaped inio patties each weighing 50 g. Each patty was covered with cake flour, egg,
and than bread crumbs containing 5% of the B-glucan axiract (sample 2) obtained in Preparation Example 3 (Production
of B-glucans), and deep dried in salad oil heated to 180°C for 2 minutes and 30 seconds. The resulting korokke was
deep frozen and stored at -20°C. For comparison, frozen korokke was made without using the B-glucans. After 1 month
storage, the frozan korokke was cocked in a microwave oven {500 W) for 1 minute. The creamy crab korokke acoording
to the prasant invention was crispy, not watery, and excellent in appearance, flavor and texture as compared with the
comparative one.

industrial Applicability:

[0208] The presentinvention provides a fi-glucan-containing fat and oil composition which suppiies B-glucans having
excallent bioregulatory functions without being accompanied by reductions in taste, texiure, and the lika.

Claims

1. Ap-glucan-containing fat and oil composition characterized by containing -glucans which have a molecular weight
average of less than 500.000 and are extracted from a gramineous piant.

2. The p-glucan-containing fat and oil composition according to claim 1, which contains a B-glucan having at least two
kinds of bonds selected from a 1-2-B-D-glucopyranose bond, a 1-3-B-D-glucopyranose bond, a 1-4-f-D-glucopyran-
osa bond, and a 1-6-f-D-glucopyrancse bond.

3. The B-glucan-containing fat and oil composition according to claim 1 or 2, which contains a B-glucan having a 1-3-
3-D-glucopyranose bond and a 1-4-3-D-glucopyranose bond.
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4. The P-glucan-containing fat and oif composition according to any one of claims 1 to 3, wherein said gramineous
plant is bariey or cats.

8. A food containing the B-glucan-containing fat and olf comgposition according to any one of claims 1 to 4.

&.  Afatand oil emulsifiesd composition containing the f-glucan-containing fat and ol composition according to any ong
of claims 1 to 4.

7. A bakery product containing the B-glucan-containing fat and ol composition according to any one of claims 1 to 4.

8. A confectionery product containing the B-glucan-containing fat and oil composition according to any one of claims
1o 4.

8. Afood having a prophylactic action for @ habitual disease containing the B-glucan-containing fat and off compasition
according to any one of claims 1 tc 4.

18. A drug having @ proghylactic action for a habitual diseass containing the B-giucan-containing fat and oil composition
according to any one of claims 1 to 4.

41, A processed rice, wheat, maize or soyoean product containing the B-glucan-containing fat and oif compaosition
according to any one of claims 1 to 4.

12. A liquid food containing the B-glucan-containing fat and off composition according to any one of claims 110 4,

13. Aprocessad food mainly comprising starch and containing the -glucan-containing fat and ¢il composition according
to any one of claims 110 4.

Patentanspriiche

1. B-Giusan enthaltende Zusammenseatzung aus Fett und O, dadurch gekennzeichnet, dass sie B-Glucane enthilt,
die einen Molekulargewichtsdurchschnitt von weniger als 500000 haben und aus einer Graspflanze extrahiert sind.

2. B-Giucan enthaliends Zusammensetzung aus Fett und Of nach Anspruch 1, die ein B-Glucan mit wanigstens zwai
Arten von Bindungen, ausgewahit aus einer 1-2-B-D-Glucopyranose-bindung, einer 1-3-8-D-Glucopyrancsebin-

iy

dung, einer 1-4-§-D-Glucopyranosebindung und einer 1-6-p-D-CGlucopyranose-bindung, enthéit.

3. f-Glucan enthaltende Zusammenseizung aus Fett und Of nach Ansprach 1 oder 2, die ein B-Gilunan mit einer 1-3-
B-D-Glucopyranosebindung und einer 1-4-B-D-Glucopyranosebindung enthait.

4. B-Giucanenthaitende Zusammansetzung aus Fettund Ol gemal einemder Anspr
Gerste cder Hafer ist.

2 1bis 3, wobeidie Graspflanze
5, Nahrung, enthaltend die 8-Glucan enthattende Zusammensetzung aus Fatt und Of gaméR ginem der Anspriiche 1
bis 4.

&, Emulgierte Zusammensetzung aus Fett und O}, enthattend die §-Glucan enihaltende Zusammensetzung aus Felt
und Of geméd einem der Anspriiche 1 bis 4.

7. Béackereiprodukt, enthaltend die §-Glucan enthaltende Zusammensetzung aus Fett und Of gemanR einem der An-
spriiche 1 bis 4.

8. S0fwarenprodukt, enthaltend die B-Glucan enthaltende Zusammensetzung aus Fett und O gemaf einem der
Anspriche 1 bis 4.

2. Nahrung mit einer prophylaktischen Wirkung fiir eine Gewohnheitskrankheit {habitual disease), enthaltend die -
Glucan enthaltende Zusammensetzung aus Fett und Of gemal einem der Anspriiche 1 bis 4.
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10. Arzneimittel mit einer prophylaktischen Wirkung fiir sine Gewchnheiltskrankheit, enthaltend dis B-Glucan enthaltends
Zusammensetzung aus Fett und Ol gem&R einem der Anspriche 1 bis 4.

11. Behandeltes Reis-, Welzen-, Mais- cder Sojabohnenprodukt, enthaltend die B-Glucan enthaltends Zusammenset-
zung aus Fett und Ol gemal einem der Anspriche 1 bis 4.

12. Fiissige Nahrung, enthaltend die §-Glucan enthaltende Zusammensetzung aus Fett und O gemaR einem der
Anspriiche 1 bis 4.

13. Behandeite Nahrung, die hauptséchiich Starke beinhaltet und die §-Glucan enthaliends Zusammenssatzung aus
Fett und Ol gemaR einem der Anspriiche 1 bis 4 enthait.

Revendications

1. Composition d’huile et de graisses contenant des B-glucanes caractérisée en ce gu’elle contient des f-glucanes
qui ont un poids meiéculaire moyen inférieur @ 500 003 et qui sont extraits d'une plante graminée,

2. Composition d’huile ot da graisses contenant des B-glucanss salon la revendication 1, qui contient un -glucane
ayant au meins deux types de ligisons cholsies & parlir d'une lialson 1-2-p-D-glucopyranocse, une liaison 1-3-§-0-
glucopyranose, une liaison 1-4-B-D-glucogyranosa et une laison 1-6-B-D-glucopyranosa.

3. Composition d'huile et de graisses contenant des 3-glucanes selon la revendication 1 ou 2, qui contient un B-glucane
ayant une fiaison 1-3-f-D-glucopyrancse at une liaison 1-4-8-D-glucopyrancse.

4. Composition d’huile et de graisses contenant des B-glucanes selon 'une quelcongue des revendications 14 3, dans
laquelle ladite planta graminée est 'orge ou l'avoine.

8, Aliment contenant ia composition d'huile et de graisses contenant des [-giucanes selen 'une queiconque des
revendications 1 & 4,

&. Composition émuisifide d'huile et de graisses contenant la composition d’huile et de graisses contenant des j3-
glucanes selon 'une quelconque des revendications 1 & 4.

7. Produit de boulangerie contenant la composition d'huile et de graisses contenant des f-giucanes selon Pune quel-
congue des revendications 1 & 4.

8. Produit de confiseria contanant la composition d'huile at de graisses contenant des B-glucanes selon Fune gual-
conqus des revendications 1 & 4.

8. Alimant ayant une action proghylactique pour une maladie courante contenant la composition dhuile at de graisses

contenant des fi-glucanes selon Pune quelcongue des revendications 1 a 4.

18, Médicament ayant una action prophylactique pour une maladie courante contenant la composition d'huile et de
graisses contenant des B-glucanes selon 'une gualconque des revendications 1 a 4.

41, Produit traité de riz, blé, mais ou soja contenant la composition d’huile et de graisses contenant des B-glucanes
selon {'une gueiconque des revendications 1 & 4.

12. Aliment liquide contenant la composition d'huile et de graisses contenant des B-glucanes selon 'une guelconque
des ravendications 1 & 4,

13. Aliment traité comprenant essentiellement de I'amidon et contenant fa composition d'huile et de graisses contenant
des B-glucanes selon lune quelcongue des revendications 1 & 4.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The presentinvention relates to compositions comprising oil bodies. These oil bodies have a volume weighted
mean diameter within the range of 0.1-100 um and comprise a lipid matrix surrounded by a layer of phospholipids
embedded with structural proteins.

[0002] The invention also concerns a novel process for the production of oil bodies.

BACKGROUND OF THE INVENTION

[0003] It is well-known in the food industry that the application of oils containing high levels of polyunsaturated fatty
acids can give rise to serious off-flavour problems. These off-flavour problems are associated with the oxidation of the
polyunsaturated fatty acids, leading to the formation of volatile, potent flavour molecules, such as unsaturated aldehydes.
Flavour attributes associated with oxidation products of polyunsaturated fatty acids include "fish", "cardboard”, "paint",
"oily", "rancid" and "metallic”.

[0004] Whilst all polyunsaturated fatty acids have been associated with the aforementioned stability problems, lipids
containing w-3 polyunsaturated fatty acid residues, notably lipids containing w-3 C,3-C,, polyunsaturated fatty acid
residues (-3 long chain PUFA or ©-3 LC PUFA) are known to be extremely susceptible to oxidation. Oxidation of the
latter fatty acid residues yields volatile oxidation products that introduce a foul "fishy" smell to the product containing
these fatty acid residues. Typical examples of -3 LC PUFA include docosahexaenoic acid (DHA) and eicosapentaenoic
acid (EPA).

[0005] Althoughitis known that the rate of oxidation of polyunsaturated fatty acids may be reduced through the addition
of anti-oxidants, the application of such anti-oxidants at best delays the formation of unacceptable off-flavour. However,
the shelf-life of products containing appreciable amounts of w-3 LC PUFA, especially food products and beverages, is
inherently limited as a result of the inevitable oxidation of these fatty acid residues. Furthermore, in some product
applications, e.g. in water-containing products containing dissolved pro-oxidative salts of e.g. iron or copper, it is essen-
tially impossible to employ -3 LC PUFA as rapid oxidation of these fatty acid residues will commence as soon as the
product has been compounded.

[0006] Many, many scientific publications have been issued during the past two decades that strongly suggest that
regular consumption of significant amounts of ®-3 LC PUFA can deliver important health benefits. In particular, there is
compelling evidence that mental health, (development of) cognitive capabilities and cardiovascular health are positively
affected by the consumption of »-3 LC PUFA. Hence, there has been no lack of effort in the industry to develop food
products, beverages, nutritional preparations and pharmaceutical preparations that contain appreciable amounts of «»-
3 LC PUFA. However, widespread application of -3 LC PUFA in especially food products and beverages has been
frustrated by the oxidative instability of these fatty acids.

SUMMARY OF THE INVENTION

[0007] The present inventors have unexpectedly that the oxidative instability of w-3 LC PUFA in products can be
reduced dramatically by incorporating -3 LC PUFA in the form of oil bodies and that these oil bodies can be obtained
with a special process.

[0008] Oil bodies are the discrete intracellular organelles in which triacylglycerides are stored in, for instance, plant
seeds. Plant oil bodies are spherical particles about 0.5-4 um in diameter and are found in all oilseed plants (i.e. canola,
flax, sunflower, soybean and corn). The oil-bodies consist primarily of a central droplet of oil (predominantly consisting
of triglycerides) that is surrounded by a coat essentially consisting of a phospholipid monolayer and structural proteins.
[0009] Oil bodies are remarkably stable both inside cells and in isolated preparations. In both situations the oil bodies
occur as individual entities. The structural proteins that together with the phospholipid monolayer surround the central
lipid core of the oil bodies, are believed to protect the phospholipids in the monolayer by making them inaccessible to
external phospholipase A2 and phospholipase C. Structural proteins found in plant oil bodies include oleosins and
caleosins.

[0010] The structural protein oleosin is a relatively small protein (15 to 26 kD) and typically contains a central stretch
of about 72 hydrophobic residues that is inserted into the lipid core whereas the amphiphatic N-terminal and C-terminal
are located at the surface of the oil body. Both terminal portions of the oleosin can be either short (e.g. 4 residues) or
very long (e.g. 1200 residues). The central hydrophobic stretch of about 72 uninterrupted hydrophobic residues is the
hallmark of an oleosin. No other known protein in any organism has such a long hydrophobic stretch (Hsieh et al., Plant
Physiol. 2004 November; 136(3): 3427-3434).

[0011] The key structural features of caleosins are an N-terminal region with a single Ca2*- binding EF hand domain,
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a central hydrophobic region able to form a single bilayer span, and a C-terminal region with several putative protein
kinase phosphorylation sites (D.J. Murphy, LIPID ASSOCIATED PROTEINS IN PLANTS, 16th Int. Plant Lipid Sympo-
sium, Budapest, June 2004, pages 1-8). Caleosins lack an N-terminal signal peptide, but do have a central, hydrophobic
region of typically more than 30 residues. Like oleosins, caleosins contain a proline-rich region with the potential to form
a "proline know" motif.

[0012] The inventors have found that ®»-3 LC PUFA containing oil bodies that are naturally present in some micro-
organisms, notably algae, may be recovered from these micro-organisms essentially undamaged and that the use of
such oil bodies in food products provides the well-sought oxidative stability for w-3 LC PUFA.

DETAILED DESCRIPTION OF THE INVENTION
[0013] Theinventionrelates to aprocess for theisolation of oil bodies as defined herein before, said process comprising:

- subjecting micro-organisms containing such oil bodies in a dry form to conditions that will cause rupture of the micro-
organism cells;

- optionally adding water, and creating a dispersion of the ruptured cells in water;

- allowing the oil bodies to be released from the cells into the surrounding water; and

- separating the oil bodies from the ruptured cell biomass.

[0014] The micro-organisms are in a dry form before they are subjected to conditions that will cause rupture of the
micro-organism cells.

[0015] According to a particularly preferred embodiment, the micro-organisms employed in the present process are
marine micro-organisms, preferably an algae strain belonging to one of the species Crypthecodinium cohnii, Odontella
aurita or an algae strain of a species belonging to the Thraustochytriidae group. Most preferably, the algae strain is an
algae strain of a species belonging to the Thraustochytriidae group.

[0016] Inthe present method, the oil bodies may be separated from the ruptured cell biomass by means of any suitable
separation technique. Examples of suitable separation techniques include decanting, filtration and centrifugation. Most
preferably, the oil bodies are separated from the ruptured cell biomass by means of centrifugation. In order to facilitate
separation of the oil bodies from the ruptured cell biomass, suitably processing agents are added, e.g. to increase the
density of the aqueous cell biomass.

[0017] Accordingly, one aspect of the invention relates to a composition comprising at least 0.1 wt.% of oil bodies,
said oil bodies having a volume weighted mean diameter within the range of 0.1-100 um and comprising a lipid matrix
surrounded by a layer of phospholipids embedded with structural proteins, wherein the lipid matrix contains at least 80
wt.% of glycerides, said glycerides containing at least 3 %, preferably at least 5 % -3 C,;-C,, polyunsaturated fatty
acid residues (-3 LC PUFA) by weight of the total amount of fatty acid residues contained in said glycerides.

[0018] The term "glyceride" as used herein encompasses lipids selected from the group consisting of triglycerides,
diglycerides, monoglycerides, phosphoglycerides and combinations thereof. More preferably, the glycerides are selected
from the group consisting of triglycerides and diglycerides. Most preferably, the glyceride is triglyceride oil.

[0019] The aforementioned lipid matrix represents the core of the oil body and preferably contains at least 90 wt.% of
glycrerides, even more preferably at least 95 wt.% of glycerides and most preferably at least 98 wt.% of glycerides.
Besides glycerides of various structures and fatty acid chain length the lipid matrix may also contain other minor com-
ponents that are dissolved in said matrix.

[0020] The composition according to the present invention advantageously comprises 0.3-10 wt.% of the oil bodies.
Even more preferably, said composition contains 0.5-8 wt.% of said oil bodies. The volume weighted mean diameter of
the present oil bodies typically is within the range of 0.3-50 um, especially within the range of 0.5-30 wm. The phospholipid
layer surrounding the lipid core of the oil body usually is a monolayer.

[0021] The oil bodies employed in according with the present invention are advantageously derived from a micro-
organism selected from the group consisting of algae, fungi, yeast and combinations thereof. More preferably, the oil
bodies are derived from algae or fungi, most preferably from algae. The amino acid sequence of the structural protein
in the oil bodies can be used to identify the exact origin of the oil body.

[0022] The oil bodies of the present invention are suitably isolated from marine micro-organisms. Members of the
following families are capable of producing -3 LC PUFA: Thraustochytriidae, Crypthecodiniaceae, Gymnodiniaceae,
Prorocentraceae, Haptophyceae, Skeletonemataceae, Cryptomonadaceae, Phaeodactylaceae. Specific examples of
-3 LC PUFA producing species include: Amphidinium, Amphor, Asterionella, Biddulphia, Ceratium, Chaetoceros,
Chlorella, Chroomonas, Cochlodinium, Crisphaera, Crypthecodinium, Cryptomonas, Cyclotella, Cylindrotheca, Dun-
iella, Emiliania, Fragilaria, Glenodinium, Gonyaulax, Gyrodinium, Haematococcus pluvialis, Heteromastix, Isochrysis,
Lauderia, Monochrysis, Monodus, Moritella, Mortierella, Nannochloris, Nannochloropis, Navicula, Ni tzschia, Odontella,
Olisthodiscus, Pavlova, Peridinium, Phaeodactylum, Porphyridium, Prorocentrum, Pseudopedinella, Rhodella, Rho-
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dodomas, Schizochytrium, Skelentonema, Stauroneis, Tetraselmis, Thalassiosira, Thrautochytrium, Ulkenia.

[0023] According to a particularly preferred embodiment, the oil bodies are derived from marine micro-organisms,
preferably from an algae strain belonging to one of the species Crypthecodinium cohnii, Odontella aurita or an algae
strain of a species belonging to the Thraustochytriidae group. Most preferably, the algae strain is an algae strain of a
species belonging to the Thraustochytriidae group. Preferred species belonging to the Thraustochytriidae group are
Schizochytrium, Thraustochytrium, Ulkenia, Aplanochytrium, Japonochytrium.

[0024] Lipid containing isolates from algae have been marketed for use in animal feed. These isolates contain appre-
ciable amounts of algae biomass. In accordance with the present invention it is preferred to employ relatively "clean’ oil
bodies. Accordingly, in advantageous embodiment, no algae biomass or more preferably no biomass at all, is attached
to the oil bodies or such (algae) biomass is attached in an amount of less than 50%, preferably of less than 30% by
weight of the oil bodies.

[0025] The benefits of the present invention are particularly appreciated when the composition contains a significant
amount of water, e.g. at least 1 wt.% of water. Preferably, the present composition contains at least 5 wt.%, more
preferably at least 10 wt.% and most preferably at least 15 wt.% of water. In case the present product contains water,
the oil bodies are preferably dispersed within the water.

[0026] As explained herein before, oxidation of w-3 LC PUFA is stimulated by the presence of pro-oxidative metal
salts. The oil bodies of the present invention display a remarkable oxidative stability even in the presence of such pro-
oxidative metal salts. Presence of pro-oxidative metal salts in a product cannot be avoided if tap water or mineral water
is used. Furthermore, the incorporation of such metals may be desirable from a nutritional perspective. Hence, according
to a preferred embodiment, the water contained in the present product contains at least 5 mg per kg of water, preferably
at least 10 mg per kg of water of a pro-oxidative metal cation selected from iron, copper, zinc and combinations thereof.
According to a particularly preferred embodiment, the present composition contains at least 0.1 mg/kg or even at least
1 mg/kg of iron cations, more preferably at least 5 mg/kg, even more preferably at least 10 mg/kg and most preferably
at least 15 mg/kg of iron cations.

[0027] Triglycerides typically constitute the bulk of the oil bodies of the present invention. Typically, the oil bodies
contain at least 80 wt.% of triglycerides. More preferably, the oil bodies contain at least 90 wt.% of triglycerides. The
triglycerides contained in the lipid matrix preferably contain at least 10%, most preferably at least 20% »-3 LC PUFA by
weight of the total amount of fatty acid residues contained in said triglycerides.

[0028] The oil bodies of the presentinvention can suitably contain a variety of -3 LC PUFA, including eicosapentaenoic
acid and docosahexaenoic acid. The -3 LC PUFA in the present oil bodies is preferably selected from eicosapentaenoic
acid (EPA), docosahexaenoic acid (DHA) and combinations thereof. Most preferably, »-3 LC PUFA is DHA.

[0029] In algae oil usually both EPA and DHA are present. Typically, the weight ratio of EPA:DHA in algae oil is in the
range of 1:100 to 100:1. In the present oil bodies, the weight ratio of EPA:DHA preferably is in the range of 1:80 to 10:
1, more preferably in the range of 1:60 to 1:10.

[0030] Phospholipids are normally present in the oil bodies of the present invention in a concentration of 0.2-5 wt.%.
The structural proteins usually represent 0.2-7 wt.% of the oil bodies.

[0031] The structural protein present in the oil bodies of the present invention preferably has a hydrophilic N-terminal
portion and/or a hydrophilic C-terminal portion; and a central stretch of preferably at least 25, more preferably of at least
30, even more preferably at least 50 and most preferably at least 70 uninterrupted hydrophobic residues. According to
another preferred embodiment, 