DESCRIPTION Collagen Peptide Composition and Food or Beverage
Containing the Same Technical Field The present invention relates to a
collagen peptide composition, more specifically a collagen peptide
composition composed of oligopeptides having good ability to enter the
blood, and to a food or beverage containing the collagen peptide
composition. Background Art Collagen is a protein composing dermis,
ligament, tendon, bone, cartilpges @RAEMeHRe, which is a major ingredient
of the extracellular matrix of multicellular animals. Collagen is present
everywhere throughout skin, blood vessels, viscera, bone tissues, and
the like and accounts for about 30% of body- composing proteins. In the
CsHing2098 of déentio is matteonpaoiicBiagenr BrsciaageaPpingintihddbal Same
muscles is also made up of collagen. Collagen protein is made of 3
polypeptide chains (a chains) each having a repeated structure of
Gly-X-Y (where X and Y are amino acids other than Gly) and a molecular
TechipidighFésldpproximately one hundred thousand, wherein the 3
polypeptide chains are_asserlubled to form a helical strycture. While a
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years, tollagen has been found to exert various physiological effects and
colldar Ipgicahgfirstse f-ollagen, gelatin prepared via heat denaturation

of collagen, and collagen peptides that are hydrolysates

Background Art

Collagen is a protein composing dermis, ligament, tendon, bone,
cartilage, and the like, which is a major ingredient of the extracellular matrix of
multicellular animals. Collagen is present everywhere throughout skin, blood
vessels, viscera, bone tissues, and the like and accounts for about 30% of body-
composing proteins. In the skin, 70% of dermis is made up of collagen.
Fascia wrapping individual muscles is also made up of collagen.

Collagen protein is made of 3 polypeptide chains (a chains) each having
a repeated structure of Gly-X-Y (where X and Y are amino acids other than Gly)
and a molecular weight of approximately one hundred thousand, wherein the 3
polypeptide chains are assembled to form a helical structure. While a collagen
protein has amino acids unique to collagen, such as hydroxyproline and
hydroxylysine, it lacks tryptophan, which is an essential amino acid. Thus, its
amino acid score is zero and it has historically attracted no atiention as a

nutrient.



thereof are widely used as raw materials for cosmetics and foods or
biologically functional materials for pharmacological products. The
physiological effects or pharmacological effects of collagen that have
been revealed to date include osteoblast growth accelerating effects and
bone strengthening effects that lead to prevention and/or improvement of
osteoporosis (see Patent Documents 1 and 2), effects for accelerating
metahalisim innthediving tissyes ovhisbiamelioeie heealinnerfungtions of
living tissues with aging (see Patent Documents 3 and 4), skin

physiohetdbelisiffaccelerdtpio affectd candaskififactivatingoéitents (setaHatent pared
Documents 4 and 5), for example. However, all such prior art documents
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hydrolysates of collagen or gelatin. They do not specifically reveal the
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sequences such active ingredients have. In addition, sufficient exertion of
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accelerating skin collagen synthesis in rats, the amino acid mixture has
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collagenase have been observed to exert effects (Non-Patent Document
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peptides that have entered the blood. However, this
Documents 4 and 5), for example. However, all such prior art documents
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merely disclose that active ingredients are collagen, gelatin, or hydreolysates of
collagen or gelatin. They do not specifically reveal the molecular weights of
such active ingredients or what kinds of amino acid sequences such active
ingredients have. In addition, sufficient exertion of the above physiological
effects and pharmacological effects has required the high intake of collagen,
gelatin, or hydrolysates of either thereof.

Furthermore, Taniguchi et al., have reported that as a result of
comparison and examination of a collagen hydrolysates (a peptide mixture or
peptides) obtained via treatment with collagenase and an amino acid mixture
having the same rate as the product in terms of effects of accelerating skin
collagen synthesis in rats, the amino acid mixture has been observed to exert no
effects and only the products digested with collagenase have been observed to

exert effects (Non-Patent Document 1), These results suggest that



report fails to clarify the kinds of amino acid sequences that effective
peptides have. Meanwhile, Patent Document 6 discloses a biological
collagen synthesis accelerator containing a tripeptide of an amino acid
'sequence of Gly-X-Y as a collagen hydrolysate product obtainable by
digestion with collagenase. However, samples for the collagen
accelerating activity test in Patent Document 6 have not been
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Document 7 discloses a collagen acceleration activator containing
have. various tripeptides represented by Gly-X-Y. Patent Document 7 reports
that the above tripeptides are more rapidly and efficiently digested and
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free amino acids. In this Patent Document, an in vivo kinetic test has
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composing a tripeptide mixture, which is contained in a collagen
MoreAGeelgratiMlity to enter the blood of orally-ingested peptides has never
been examined in such document. Furthermore, collagenase, which is an
enzyme for preparation of the tripeptide, is not included in the list of food
additives of the Ministry of Health, Labour and Welfare. The safety of
collagenase is unconfirmed, so that it is actually difficult to use this peptide for
foods.

Furthermore, similarly to the above Patent Document, Patent Document 7
discloses a collagen acceleration activator containing various tripeptides
represented by Gly-X-Y. Patent Document 7 reports that the above tripeptides
are more rapidly and efficiently digested and absorbed than conventional
collagen, gelatin, hydrolysates thereof, and free amino acids. In this Patent
Document, an in vivo kinetic test has been conducted for tripeptides labeled with
radioisotopes, but it has never elucidated the issue of whether the main body of

radioactivity, which is distributed in plasma or various tissues, is an

unmetabolized form of tripeptide, a dipeptide, or a free amino acid. Also, an



activator disclosed in this Patent Document, are peptides of which the N-
terminal amino acid residue is glycine (Gly-X-Y). Moreover, the Patent
Document has never described adjustment of the ratio of glycine in the N-
terminal amino acid residues of the tripeptides in the mixture.
Furthermore, Patent Document 8 discloses that a collagen peptide
composition rich in peptides with a molecular weight ranging from 400 to
enzym3008r pxesis encallentaugapdilyi dad skimperrheabiliygahesemixetdwyithn terms
skin cosmetics or pharmacological products. However, this document
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oral intake nor adjustment of the ratio of glycine in the N-terminal amino
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adjustment of the ratio of glycine in the N-terminal amino acid residues of
peptides in the composition.
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intake of as much as 5 g to 10 g thereof. However, long-term high intake
of only a specific protein in addition to general meals is difficult and is
unfavorable in terms of nutritional science. Also, it is important to cause a
collagen peptide to enter the blood not in the form of an amino acidbut in
the form of an oligopeptide for in vivo exertion of physiological effects and
pharmacological effects of the collagen peptide after oral intake thereof.

Disclbbereforaan gbisgt of the present invention is to elucidate a collagen
peptide composed of oligopeptides with ability to enter the blood higher

Problhan tthatofaerveptianal Golegenpeptides and thus to provide a food or
beverage mixed with the collagen peptide. Means for solving the
probiedes Asha desultvef, intensiviei studigstice achféve dhe iabove ebjedtithe f the
present inventors have elucidated that a collagen peptide composition
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Therefore, an object of the present invention is to elucidate a collagen
peptide composed of oligopeptides with ability to enter the blood higher than

that of conventional collagen peptides and thus to provide a food or beverage

mixed with the collagen peptide.

Means for solving the problems

As a result of intensive studies to achieve the above object, the present
inventors have elucidated that a collagen peptide composition having a specific
molecular weight distribution and characterized by ratio of N-terminal glycine
residues to total of the N-terminal amino acid residues of the peptides in the
composition that is within a specific range is excellent in ability to enter the
blood when orally ingested. Thus, the present inventors have completed the
present invention.

The present invention encompasses the following (1) to (4).

(1) A collagen peptide composition obtainable by digesting a collagen or gelatin



the N-terminal amino acid residues of the peptides in the composition is
33 mol% or more to 65 mol% or less. (2) The collagen peptide
composition according to (1), wherein the protease is serine protease or
cysteine protease. (3) The collagen peptide composition according to (1)
or (2), wherein the collagen or the gelatin is derived from fishes. (4) A
food or beverage, which contains the collagen peptide composition
with peceiag toldol anagiiibrto (BfThe drésent yventighis ekpleipedén with a
detail as follows. This application claims priority of Japanese patent
mo e capilicatiophil o PD06-309082tfiledé Noverabelds 2006, btk by weight of
encompasses the content described in the description of the above
peptidsaterit Application [Effece iehthe idvsntibamedttdrryitdare hasaft” by weight
invention, a collaq%zglggptide composition is provided that is composed of
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invention is described in detail as follows.
serine protease or cysteine protease.
(3) The collagen peptide composition according to (1) or (2), wherein the
collagen or the gelatin is derived from fishes.
(4) A food or beverage, which contains the collagen peptide composition
according to any one of (1) to (3).

The present invention is explained in detail as follows. This application

claims priority of Japanese patent application No. 2006-309032 filed on

November 15, 2006, and encompasses the content described in the description of

the above patent application.

Effect of the Invention

According to the present invention, a collagen peptide composition is
provided that is composed of oligopeptides having ability to enter the blood
higher than that of conventional collagen peptides. Accordingly, a food or
beverage is mixed with the collagen peptide composition of the present
invention and is then orally ingested, so that the physiological effects and the

pharmacological effects can be exerted efficiently in an amount smaller than that



1. Collagen peptide composition The collagen peptide composition of the
present invention is characterized in that the peptides in the composition
have a specific molecular weight distribution and that the ratio of
N-terminal glycine residues to total of the N-terminal amino acid residues
of the peptides in the composition is within a specific range. The above
molecular weight distribution of the peptides in the composition can be
of coMRasad byra seventional method. For example, an HPLC (High
Performance Liquid Chromatography) method using a gel filtration
column is employed. It is prefererable that the molecular weight
distribution forms a curve (like a mountain) with the peak at the molecular
BriefWigeghtigitiappedximeakely 200G In addition, it is prefererable that the
molecular weight distribution comprises 70% to 100% by weight of
pepiidesd withsasnbeoutas cweiy it Sgb of iaid w6i 800U @r tedkr gsssnparde
10% by weight of peptides with a molecular weight of less than 500, and
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3000, based on the total weight of the composition. The peptides with a
molecular weight of higher than 3000 are not 7 desiareble in terms of poor

igestign and absorption. Meanwhile, the peptides with lower molecular
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ability to enter the blood of oligopeptides. Moreover, the ratio of
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of the total peptides in the composition is
characterized in that the peptides in the composition have a specific molecular
weight distribution and that the ratio of N-terminal glycine residues to total of
the N-terminal amino acid residues of the peptides in the composition is within a
specific range.

The above molecular weight distribution of the peptides in the
composition can be measured by a conventional method. For example, an
HPLC (High Performance Liquid Chromatography) method using a gel filtration
column is employed. It is prefererable that the molecular weight distribution
forms a curve (like a mountain) with the peak at the molecular weight of
approximately 2000. In addition, it is prefererable that the molecular weight
distribution comprises 70% to 100% by weight of peptides with a molecular
weight 500 or more to 3000 or less, less than 10% by weight of peptides with a
molecular weight of less than 500, and less than 20% by weight of peptides with

a molecular weight of more than 3000, based on the tofal weight of the

composition. The peptides with a molecular weight of higher than 3000 are not



preferably 33 mol% or more to 65 mol% or less, and more preferably 35
mol% or more to 65 mol% or-less. Here the expression "the ratio of
N-terminal glycine residues to total of the N-terminal amino acid residues"
refers to a value found by analyzing the first amino acid residue from the
N-terminus of each peptide in the collagen peptide composition and then
expressing the ratio of N- terminal glycine residues to the thus detected
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(mol%). N-terminal amino acid residues may be analyzed using an amino
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leucyl-hydroxyproline, and phenylalanyl hydroxyproline and trimers such
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blood 1 to 2 hours after neral adult prally ingests 25 g of the collag
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or md@MEgteHalfoy the eeollagesre the expression “the ratio of N-terminal
glycine residues to total of the N-terminal amino acid residues” refers to a value
found by analyzing the first amino acid residue from the N-terminus of each
peptide in the collagen peptide composition and then expressing the ratio of N-
terminal glycine residues to the thus detected total of the N-terminal amino acid
residues in terms of molar percentage (mol%). N-terminal amino acid residues
may be analyzed using an amino acid sequence analyzer with which an Edman
method is carried out in an automated manner.

The collagen peptide composition of the present invention is further
characterized in that oligopeptides have high ability to enter the blood. Here,
examples of such “oligopeptides” include dimers such as prolyl-hydroxyproline,
isoleucyl-hydroxyproline, leucyl-hydroxyproline, and phenylalanyl-
hydroxyproline and trimers such as alanyl-hydroxyprolyl-glycine and seryl-
hydroxyprolyl-glycine.

The collagen peptide composition of the present invention is

characterized in that the level of hydroxyproline-containing peptide (that is



peptide composition" to be used in the present invention is not limited and
may be any collagen or gelatin derived from a mammal such as cattle or
swine or the same derived from fishes such as shark. However, collagen
or gelatin derived from fishes having relatively weak collagen odor is
preferred since it is mixed with a food or beverage. Particularly preferable
raw materials are fish scales. Examples of fish scales are not particularly

releadbtitagobyifishl spegsieshontheasitasaof ssralel ads longadb theyeare fishg of the
scales containing collagen tissues. Examples of fish species from which
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perch (Lates niloticus), common carp (Cyprinus carpio), grass carp

nmol/g@kenopharyngodon idellus), red snapper (Lutjanus sebae), golden
threadfin bream (Neinipterus virgatus), parrotfish (fish of the famil
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er (Lutjanus stellatus), lizardfish of snakefish (fish of the family.
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treatment such "as delipidization or extraction. Prior to use fish scales, a

pepti &R peshing (e @ bewasking withpvedentisreferablyscastethot nand may
advance for several times to remove dirt or contaminants adhered on fish

be anscalds gelipdizatiinsiearvied tutnta nemovedht acil ol contents, saniche or the
then decalcification is carried out to remove inorganic materials such as
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from fishes having relatively weak collagen odor is preferred since it is mixed

with a food or beverage. Particularly preferable raw matérials are fish scales.
Examples of fish scales are not particularly limited by fish species or the sites of
scales, as long as they are fish scales containing collagen tissues. Examples of
fish species from which fish scales are derived include tilapia (fish of the family
Cichlidae), Nile perch (Lates niloticus), common carp (Cyprinus carpio), grass
carp (Ctenopharyngodon idellus), red snapper (Lutjanus sebae), golden threadfin
bream (Nemipterus virgatus), parrotfish (fish of the family Scaridae), sardine
(fish related to herrings, the family Clupeidae), star snapper (Lutjanus stellatus),
lizardfish or snakefish (fish of the family Synodontidae), grass carp
(Ctenopharyngodon idellus), cod (fish of the family Gadidae), black carp
(Mylopharyngodon piceus), silver carp (Hypophthalmichthys molitrix), and
bighead carp (Aristichthys nobilis).

Collagen can be obtained from the above mammals’ bone or leather



gelatinized once in terms of easier control of the ratio of N-terminal glycine
residues to total of the N-terminal amino acid residues. Gelatin is prepared
by heat-denaturing and solubilizing collagen. Gelatinization is carried out
by pretreating a collagen raw material with acid or alkali, followed by
heating and extraction. Either acid treatment or alkaline treatment may be
carried out as pretreatment according to the type of a collagen raw
portioNQ@rials MeishiEe RGN iS faniech bbby ivmersingha tllBgeViaiBus
material in inorganic acid such as hydrochloric acid or sulfuric acid for 5
matertal2G gaysisAkalinentre dimenb jsc oatriedcontvay itomelisirigha wallagenawt such
material in a lime solution or the like containing hydrated lime (calcium
as delhydfodtenfar 21013 ehenths, forexampie fivorenles, gesteraliyf avashing (e.g.,
pretreated raw material is washed with water to remove excessive acid or
washiakati dubjetaet ito istfesatdctionr Witk Rot Wated wBoCity BOCAhditRes to
subjected to 2nd extraction with hot water at a temperature higher than,
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preferably used so that the molecular weight distribution ©f the collagen
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the N-terminal amino acid residues are each within the range as

residupedetesmined dleoMe: &aliagenasinis atidestdidiee Since alogh(25Wr @pared by
more) of the N-terminal amino acid residues are glycines (see Sakai et
heat-éénFnagraneedouinbl] Marghc2800§epp. 54€0)kzampiessofarried out by
pretreating a collagen raw material with acid or alkali, followed by heating and
extraction. Either acid treatment or alkaline treatment may be carried out as
pretreatment according to the type of a collagen raw material. Acid treatment
is carried out by immersing a collagen raw material in inorganic acid such as
hydrochloric acid or sulfuric acid for 5 to 20 days. Alkaline treatment is
carried out by immersing a collagen raw material in a lime solution or the like
containing hydrated lime (calcium hydroxide) for 2 to 3 months, for example.
Moreover, generally a pretreated raw material is washed with water to remove
excessive acid or alkali, subjected to 1st extraction with hot water at 50°C to

60°C and then subjected to 2nd extraction with hot water at a temperature higher

than that of the 1st extraction.

2. Production of collagen peptide composition

A “collagen peptide composition” to be used in the present invention is

10



serine protease include subtilisin, thermitase, proteinase K, lantibiotic
peptidase, kexin, cucumisin, trypsin, chymotrypsin, thrombin, kexin, furin,
Xa factor, and elastase. Examples of cysteine protease include actinidain
and bromelain. One type of them may be used or a plurality of enzymes
may be used in combination. Enzyme treatment is carried out by, for
example, reacting 0.02 parts by weight to 5 parts by weight of enzyme

produdth d004rHbY Welight dbealiagapler geladiraS0C4miOC fonOdatoi@d out
hours. The above temperature and time for treatment are just examples
for codhg enayrbechaegudtelynad)fsted toBagble tsufficieritese ttiont ofeart s to
functions and to avoid too much progression of collagen digestion, in
digestotiercw bigainradeliagenipeptiie EormpaoditnpHaving & stiigdeassléedigrused
~weight distribution and a target composition of N-terminal amino acids.
hereimfierng RERIFE EhoYRESISAMRIAIIAEESMEAATE Heattrchtdut A7 Bk 1o

100C, s as to inactivate the enzyme. Excessive high-temperature . =
moleGHIATAERER GITEAMIENE GRABSAEN RESRRER 5y QBMIBY AR AnEratio

of N-{ihe 1o ater completion o e dbgue.snpYme HoAEn A COIBREN o or

IS In a state of eing dissolve ISpersed In an

each \%@ﬁ‘%’i@lﬂ'%?g%g}{?grgssfl'lét{i%?e1mﬁig%lﬂ%%pep&%?l&gﬁyg%g?rhﬁg@sl??able

purified from the enzyme solution by various gener oye

since RNGECREOD, BeaNSy SUSH  PURGRIANIRLAAS: AHCA98 RRETGUR Y iMitgdines

For example, improvement of color tone and flavor and removal of
(see SEIQHIEICRICAPAG MBIYCRAVEHENITACEKITRO0 6ULBY e eiditio:efmples of

activated carbon. Impurities can also be removed by conventionally
serinknow salidaliquite sapaidition, shehas filration @i certrfudatiorhikic peptidase,
collagen peptide solution treated as described above is dried by a method
kexinguatzumisin, trypsin, chymotrypsin, thrombin, kexin, furin, Xa factor, and
elastase. Lxamples of cysteine protease include actinidain and bromelain.
One type of them may be used or a plurality of enzymes may be used in
combination.

Enzyme treatment is carried out by, for example, reacting 0.02 parts by
weight to 5 parts by weight of enzyme with 100 parts by weight of collagen or
gelatin at 30°C to 70°C for 0.5 to 24 hours. The above temperature and time
for treatment are just examples and may be adequately adjusted to enable
sufficient exertion of enzyme functions and to avoid too much progression of
collagen digestion, in order to obtain a collagen peptide composition having a

target molecular weight distribution and a target composition of N-terminal

amino acids.

After the above enzyme treatment, the resultant is heat-treated at 70°C to
100°C, so as to inactivate the enzyme. Excessive high-temperature treatment is

undesirable since such treatment may destroy the flavor.
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as spray drying or using a drum dryer, so that powderization can be
carried out. 3. Food or beverage containing collagen peptide composition
The collagen peptide composition is characterized in that the
oligopeptides have good ability to enter the blood, so that it can be
provided as a food or beverage for daily intake. Examples of the forms of
the collagen peptide composition in foods or beverages include a form
sush thatdhe ealfageno pentide eamphsition s diresth @ faed e hgveragdeagen
and a form such that the collagen peptide composition is a raw material
peptide aonntesmadiaite ipraditet epdrb girog détion véd foodl grdevdrageniriheme
present invention, the term "food(s) or beverage(s)" is used to include
treatnhisdlithoioots) funthiorsd feads, fopdidocsperifiet tealtn dsepfodtis dofrom the
sick or injured persons, and the like. Moreover, when such food or
enzy e yelHHE BIO A5 S6nE SRsaAtoNSE DLEF fhiDNEfAAIS BRAthan Such
humans, the term can be used to include a feedstuff. The form of a food

purifigpgferii ioibe Rkt AEEINEYSH peptife SE8 B dStRIR YsayHs of

color DRSS Ao B AP bR S B R eried

out bygrtlf' IRl ?H%?dﬁﬁ'{z‘%?ed“”gr"oona' bEYSA s LUl DAVErages., And itk
Inc olu

verages uding a concentrated sto tion of such a bevera e

conveItha iy, PRYMIGTSOF BreRaTRtion,Ak sHeh %@@fy%@gﬁirmgﬁrbsiec%%ﬁﬁ%uganon

such as ice cream, ice shérbet, and shaved ice; noodles such as

A colhusvhestineadins wWhealAeadiesic beapestalB b me i ealid pzanwans such
(pot stickers), su my wraps (dim sum), Chinese noodles, and instant

as spmgodigshgonfestiaperidsisucir gsrame fleanply)y dheéwvitigguwan ¢andysried out.
gummi candy, gum, caramel, chocolate, tablet sweets, snacks, baked
goods (e.g., biscuit), jelly, jam, and cream; fish-livestock

3. Food or beverage containing collagen peptide composition

The collagen peptide composition is characterized in that the
oligopeptides have good ability to enter the blood, so that it can be provided as a
food or beverage for daily intake. Examples of the forms of the collagen
peptide composition in foods or beverages include a form such that the collagen
peptide composition is directly a food or beverage and a form such that the
collagen peptide composition is a raw material or an intermediate product upon
production of a food or beverage.

In the present invention, the term “food(s) or beverage(s)” is used to
include health foods, functional foods, foods for specified health use, foods for
sick or injured persons, and the like. Moreover, when such food or beverage of
the present invention is used for mammals other than humans, the term can be

used to include a feedstuff.

The form of a food or beverage to be mixed with the collagen peptide

12



processed foods such as minced and steamed fish, hamburger, ham, and
sausage; dairy products such as processed milk, fermented milk, yogurt,
butter, and cheese; fats and oils and fat and oil processed foods such as
salad oil, tempura oil, margarine, mayonnaise, shortening, whipped
cream, and dressing; seasonings such as sauce and baste; and soup,
stew, curry, bread, jam, salad, daily dishes, and Japanese pickles. The

compdQRILEN Ravesads wlkine presens Myeition gandafsehe mbed Wl examples of
ingredients other than the above collagen peptide composition. For

the tysxampleowaterisoleble eollagen] getating randdhéifilkieeelth, hevintrges such as
molecular weight larger than that of a peptide can be combined. It is

soft dexpectea thatafienctonsandufertiomns thay aregasablalib lobiais bysthengseilk
of the collagen peptide composition alone can be exerted through

beverzpbiintiod otaaptondiep urtedagerkigladiems L MerBovée parstiang,a dry
cock's comb extract containing hyaluronic acid, a bovine, swine,

Qr
powdeFREP HAGEHEATE R 46C DAV Braghihd Wasindsias Hydhelygee cream.

) thereof (obtainable by treatement with acid, alkali, and enzyme qr the like
ice ShgEbe LA P SHALIE S HEEA Ho AT & T SBE REMOSIIE hydioRidigac s
thereof or a.derivative thereof, a silk protein and a hydr t r r

bean- SR ATUR Lok S B o ST G DA A By B

Chine} 3?3%&%8? &) fhAsEPmPosad Prodyet abhQying onsiine Hsmeglabip,

., hemin, hem.atin, heme, protoheme, and heme iron), milk, casein

chewidddaa hydrolysate iharaol A B detivativer heeaok potasities mibidowearts,

and a hydrolysate thereof or a derivative thereof, lactoferrin and a
snackBydelygage sdereok a hsr €9y inglediemt, axdkcormposedipiodestoaia

fish food, a nucleic acid-related substance (e.g., ribonucleic acid and
processakyibdrudeicacid) noe theriketcamalbdibd dudaduTherfdodorand sausage;

beverage of the present invention may be adequately mixed
dairy products such as processed milk, fermented milk, yogurt, butter, and
cheese; fats and oils and fat and oil processed foods such as salad oil, tempura
oil, margarine, mayonnaise, shortening, whipped cream, and dressing;
seasonings such as sauce and baste; and soup, stew, curry, bread, jam, salad,
daily dishes, and Japanese‘pickies.

The food or beverage of the present invention can also be mixed with
ingredients other than the above collagen peptide composition. For example,
water soluble collagen, gelatin, and the like each having a molecular weight
larger than that of a peptide can be combined. It is expected that functions and
features that are unable to obtain by the use of the collagen peptide composition
alone can be exerted through combination of a plurality of collagen ingredients.
Moreover, particularly, cock’s comb extract containing hyalurenic acid, a bovine,

swine, or human placental extract, bovine or swine elastin and a hydrolysate

thereof (obtainable by treatement with acid, alkali, and enzyme or the like) or a

13



with a generally used additive according to the type of a food or beverage.
Examples of an additive include sweeteners such as sugar, fructose,
isomerized sugar syrup, glucose, aspartame, and stevia, acidulants such
as citric acid, malic acid, and tartaric acid, excipients such as dextrin and
starch, binders, diluents, flavoring agents, buffering agents, thickeners,
gelatinizing agents, colorants, stabilizers, emulsifiers, dispersants,

water S4308NENG Adedls; a0 Potisepties, Theamewd ofitheéreollagentpeptisitor a
composition to be mixed with the food or beverage of the present

derivdnvention sody Hei Hny armdund tldas dlialvs1thea physiotodical efects amdéor
pharmacological effects to be exerted. In view of the general intake level

thereodi a thygedipeatorfeverage the inteké devet per daytfon Galabuitpeptide), a
generally ranges from 100 mg to 10,000 mg and preferably ranges from

deconiposediyy ¢6 6000 Ry Mer example, s theedadernt & foolismalsdligniaii, heme,
the intake level ranges from 10 % to 50 % by WeI?ht and in the case of a

protolygine. fBBE IsieR arsog)bévéﬁag%a%ﬁ@%ﬁfaké@vépa RSO FEARYES Frdm 1
% to 10 % t. 14 | f bev f
delW#?ﬁx?‘n&ﬁfsfrééfgggbﬁ?cm@%%fgﬁ Ko e GO TRt e
thereto. F lla iti 05t 30 t
e S B oo R TP 0010 0981«
decongg)gg’ea E%Excwgfgm %C#A%'@na(ﬁ&ze%%@&'%1(&9& L%ﬂs%@@ts(?

eight), flavoring agent (0.1 to 1.0 parts by weight), and water (30 to

ribon RIS LY eighd) debHlishasliv Reveraas: @Qllﬁg@np@eu@keaw@np@%a@ed
(0.5 to 20 parts by weight), fruit juice (1 to 40 parts by weight), granulated

sugak (foted 26k eyt byp vefohly, peidedarihiecasiclirie acity (0L tatkly mixed
parts by weight), gelatinizing agent (e.g., gelatin) (0.5 to 10.0 parts by
with aveigheyaflavosiod) adiniy(©.4ctooiding to the type of a food or beverage.

Examples of an additive include sweeteners such as sugar, fructose, isomerized
sugar syrup, glucose, aspartame, and stevia, acidulants such as citric acid, malic
acid, and tartaric acid, excipients such as dextrin and starch, binders, diluents,
flavoring agents, buffering agents, thickeners, gelatinizing agents, colorants,
stabilizers, emulsifiers, dispersants, suspending agents, and antiseptics.

The amount of the collagen peptide composition to be mixed with the
food or beverage of the present invention may be any amount that allows the
physiological effects and/or pharmacological effects to be exerted. In view of
the general intake level of a target food or beverage, the intake level per day for
an adult generally ranges from 100 mg to 10,000 mg and preferably ranges from
1,000 mg to 6,000 mg. For example, in the case of a food in a solid form, the
intake level ranges from 10 % to 50 % by weight and in the case of a liquid food
such as a beverage, the intake level preferably ranges from 1 % to 10 % by

weight.

14



parts by weight), and water (15 to 95 parts by weight). Powdered food:
collagen peptide composition (0.5 to 80 parts by weight), maltodextrin (5
to 20 parts by weight), thickener (e.g., gelatin) (0.1 to 5.0 parts by
weight), emulsifier (e.g., sugar ester) (0.1 to 5.0 parts by weight), and
sweetener (e.g., aspartame) (0.01 to 1 parts by weight). Food in the form
of tablet: Powders containing a combination of a collagen peptide
c sitiogx e SOParts Py waight)a ealtesiextnini (o tardQ Rasts Qyecifically
weight), a thickener (e.g., gelatin) (0.1 to 5.0 parts by weight), an
as folesmudsifier e xaugaeester)n(@: 1ita B<d parsehy.weight), and a sweetener
(e.g., aspartame) (0.01 to | parts by weight) are tabletted. Various
Fruphysiclogicat effacts ahldgsapnptdiogical jeffetts ard exendd tvaghythecight),
oral intake of the food or beverage of the present invention, such as the
fruit jaidad btjoirfl distades vecighobtevamiitis AEIHEHI heliTaBSnip tHebY
_alleviation of osteoporosis, the prevention of arteriosclerosis and _
weighiyparishdioH, theacekarateddourthg bt as wobrid shesbig Btk rine
dermatological diseases,(ec7}ema skin royghness, atopic dermatiﬁs and

agentéigrﬁéﬁta 8HdMY tHE Iigrllfl Omgﬁ?tﬁf ?sltﬁ)r -Srgféﬁ Ty pPopettes of
Fruzgll?ﬁ%g&!es %rgé%?%geofc%ﬁﬁ%%a%?ﬁ?gf%éVg%qg??)sgli ﬁé%ﬁg%nge 903,1?6’ tgarts by

atirirzati preventi ging (€.9.; gray
. irehai hipn; i0), i :
i SR 0, S A0S 4B SR 20 e

wealEeEa I plovon Pl At
agentPRPHENEeCOMROSIoN of the Presastby weight), flavoring agent (0.1 to 1.0
parts by weight), and water (15 to 95 parts by weight).

Powdered food: collagen peptide composition (0.5 to 80 parts by weight),
maltodextrin (5 to 20 parts by weight), thickener (e.g., gelatin) (0.1 to 5.0 parts
by weight), emulsifier (e.g., sugar ester) (0.1 to 5.0 parts by weight), and
sweetener (e.g., aspartame) (0.01 to 1 parts by weight).

Food in the form of tablet: Powders containing a combination of a collagen
peptide composition (0.5 to 80 parts by weight), maltodextrin (5 to 20 parts by
weight), a thickener (e.g., gelatin) (0.1 to 5.0 parts by weight), an emulsifier
(e.g., sugar ester) (0.1 to 5.0 parts by weight), and a sweetener (e.g., aspartame)
(0.01 to 1 parts by weight) are tabletted.

Various physiological effects and pharmacological effects are exerted
through the oral intake of the food or beverage of the present
invention, such as the curing of joint diseases (e.g., osteoarthritis

and chronic rheumatism), the alleviation of osteoporosis, the

prevention of arteriosclerosis and hypertension, the accelerated curing of
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invention Fish scale gelatin (1.0 kg) (Nitta Gelatin Inc.) treated with acid
was dissolved in 2.0 kg of hot water at 75C. Subtilisin (5.5 g) (Wako Pure
Chemical Industries, Ltd.) was added as protease to the thus obtained
gelatin solution, and the pH of the solution was adjusted to 8, followed by
4 hours of enzyme reaction at 50C. After completion of the reaction, the
solution was heated at 90C or higher so as to inactivate the enzyme.
wound Wlvetizag astivated fcrrhRant (40 grwiagisddess (eicrefiluatnwas garriad,
out, and then spray drying was carried out. Thus, a powdery collagen
atopidéptide compositipipwas phtainedidile dveragprmotecetdrofeighistithe
thus obtained collagen peptide composition was measured by carrying
retainoug gebiienation high perfbmianoe iquidntlrbsdngsiptsy ((GE-HRLTy s,
under the following conditions. Data processing was carried out using. i
pigmavitdtstRiss @Pld:as@zosggﬂwaié(wtmwwm%ﬂﬁwwﬁaﬁeof hair aging
molecular weight of the collagen peptide composition was calculated 16
(e-2., oY thel vbidEorsteriB 1R BEt é%n%élﬁsﬁﬁgalesribﬁ’iﬁaﬁscurve that
had been separately prepared based on the retention time of a molecular
weight marker for a molecular weight ranging from 307 to 17800.
Cxam Agglytical conditions) Column: TSK-GEL 2500PWXL (300 x 7.8 mm)
iuent: 45% acetonitrile (containing 0.1% trifluoroacetic acid) Flow rate:

%%gggitgﬁ%ﬁggg% wayelangin 214 neEigs dshowsdhe mrlegylanith

weight of the collagen peptide composition of the present
referd A¥ENHOM THA RUSIAES MQIeAUlarmeig ik af the ekageneptiden is not

composition was 2000, suggesting that the composition was a

limited to these examples.
(Example 1) Preparation of the collagen peptide composition of the present
invention

Fish scale gelatin (1.0 kg) (Nitta Gelatin Inc.) treated with acid was
dissolved in 2.0 kg of hot water at 75°C.  Subtilisin (5.5 g) (Wako Pure
Chemical Industries, Ltd.) was added as protease to the thus obtained gelatin
solution, and the pH of the solution was adjusted to 8, followed by 4 hours of
enzyme reaction at 50°C.  After completion of the reaction, the solution was
heated at 90°C or higher so as to inactivate the enzyme. Pulverized activated
carbon (20 g) was added, microfiltration was carried out, and then spray drying
was carried out. Thus, a powdery collagen peptide composition was obtained.

The average molecular weight of the thus obtained collagen peptide
composition was measured by carrying out gel filtration high performance liquid
chromatography (GF-HPLC) under the following conditions. Data processing

was carried out using Multistation GPC-8020 Software Ver 4.0 (TOSOH). The

average molecular weight of the collagen peptide composition was calculated
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mixture of peptides, most of which had a molecular weight of 500 or more
to 3000 or less. Details about percentages are as follows. Peptides with
molecular weights of 500 or more to 3000 or less accounted for 88.1 % by
weight, peptides with molecular weights of more than 3000 accounted for
10.3% by weight, and peptides with molecular weights of less than 500
accounted for 1.6% by weight, based on the weight of the composition.

from (BXaNBIE &) 183400 FompaIon ofkakilty: i9,entetthenblaach(@08EEPHRA had
test (1)) The ability to enter the blood of the collagen peptide composition

been @yRagel plesiilas weiglt of RORO) efihe piiesend veniendeigparediight
Example 1 was compared with the same of commercially available

mark epfagenmpeptidescompgbitions:iAg comameCially ayailable collagen
peptide compositions, fishskin collagen peptide A (Nippi, inc., Trade
{Anahame! NippiitioPeptide FCP; average molecular weight of 5000), fishskin
collagen peptide B (MARUI-IA; Trade name: Fish Collagen WP; average
Cohvaracularkvéight 3000Y xfidh $eale’cdligan peptide C (RABJ; Trade
name: Marine Collagen MS5; average molecular weight of 500), and pig
Elugt: cbhanersiepitel o (ot mdngifl Ine. HFLeer AaRvE SStHEP Collagen
| Peptide %CPBSI%)O; average molecular weight of 5000) were used. The
Flogeriss RohaticBbased on the report of Iwai et al., (Agric. Food Chem.,
005, Vol. 53 No._%@ 5‘)531-6536). The test conducted herein was a
it

DeTcctidn wavelen .
crossover es% S a wash-out period of 6 or more days was set for 5

hu @T%” VWINRerH 3NY RRGMFURISChYRASHYBRE RNl iﬂ‘;%t%‘%?a% ' t kSide

of all'types of collagen peptide composition described above as tes

compAMpiese Afles the ssubinsie faigd forde Neurse bland vaseoliected of the

before intake and then each
collagen peptide composition was 2000, suggesting that the composition was a

mixture of peptides, most of which had a molecular weight of 500 or more to
3000 or less. Details about percentages are as follows. Peptides with
molecular weights of 500 or more to 3000 or less accounted for 88.1 % by
weight, peptides with molecular weights of more than 3000 accounted for 10.3%
by weight, and peptides with molecular weights of less than 500 accounted for

1.6% by weight, based on the weight of the composition.

(Example 2) Test for comparison of ability to enter the blood (absorption test
(1))

The ability to enter the blood of the collagen peptide composition
(average molecular weight of 2000) of the present invention prepared in
Examp.le 1 was compared with the same of commercially available cellagen
peptide compositions. As commercially available collagen peptide

compositions, fishskin collagen peptide A (Nippi, inc., Trade name: Nippi
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subject ingested each test sample. The intake level of each test sample
was determined to be 25 g/65 kg body weight. At 0, 5, 1, 2, 4, and 7
hours after intake, 5 mL of blood was collected. Blood collection tubes in
which blood had been collected were turned upside down for several
times for mixing, allowed to stand for approximately 15 minutes in ice,
and then subjected to centrifugation (3000 rpm, 15 min, 4C), so that
PeptidledtCPlasma yeas nblained: Ethagiol (GOS0 Wasshdidad to309clpeptide B
blood plasma, the mixture was stirred using a Vortex for 15 seconds, and
(MARER the Tnidtareanas Slibjectet! sagoeivfugation g2 27000 aphy Wweigi,of 3000},
4C), so that supernatants were obtained. The blood plasma collected
fish feote eadingabjpsraidnth Mdddcoliestion aime: Wasrengoprddessaddt 5:
-80C until the use thereof for analysis. The levels of

averifirBRYprbline e HRHg e ide hrim skipiftha srard ctiAg By (Nitta Gelatin
separately measuring_the total hydroxyproline leyels and the free 1 .
Inc.. SO S RREISIHEh RBIF O T ce SotRecATs Ry Tieht of

5000 otaélhé/%r%ﬁyproline levels were measured according to the method of
ats'et a?., (Sato K. et al., J. Agric. Food Chem. 1992, 40, 806-810) by

carifing oyt hydrolysis of Blgad lasma samples with 8N bydrochloric. Food
B e Teh .

acid, carrying out inducing the hydrolysatesto phenylisothiocyanat

CherHErv@bives ysings Paenylisothioey angds {PITChnand dhep AT Bulein was a
HPLC under the following conditions. Also, the free hydroxyproline levels

crosd0ieadsplasomawere Wmeasuieddricalying eviniit@anderdhesafve 5 human
conditions for each deproteinated blood plasma sample. (Analytical

volunondiions) €atlnuub] SKIGTEW(@E66i x A H mm)iduerttifSelution A 3Qpes of
mM sodium acetate buffer (pH 6)
collagen peptide composition described above as test samples. After the
subjects fasted for 12 hours, blood was collected before intake and then each
subject ingested each test sample. The intake level of each test sample was
determined to be 25 g/65 kg body weight. At 0, 5,1, 2, 4, and 7 hours after
intake, 5 mL of blood was collected, Blood collection tubes in which blood had
been collected were turned upside down for several times for mixing, allowed to
stand for approximately 15 minutes in ice, and then subjected to centrifugation
(3000 rpm, 15 min, 4°C), so that blood plasma was obtained. Ethanol (500 uL)
was added to 300 pL of blood plasma, the mixture was stirred using a Vortex for
15 seconds, and then the mixture was subjected to centrifugation (12,000 rpm,
10 min, 4°C), so that supernatants were obtained. The blood plasma collected
from each subject at each blood collection time was cryopreserved at -8§0°C until
the use thereof for analysis. |

The levels of hydroxyproline-containing peptide in blood plasma were

found by separately measuring the total hydroxyproline levels and the free
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(solution B) acetonitrile Elution conditions: solution B 5-10% (0-8 min),
solution B 70% (8-11 min), and solution B 5% (11 min) Flow rate: 0.18
mLhmin Detection wavelength: 254 nm Table | below shows the mean
value t S.E. of AUCo0.7 values (AUC: area under the curve of blood
concentration of hydroxyproline-containing peptide- time) (hr nmol/ml), as
calculated for each blood plasma sample. 19 Table 1 Blood

hydrdwdrexppeoliee: toatainingpéptitle evalsdaften the oiat intake dicotlagenThe
peptide compositions Collagen peptide Hydroxyproline-containing

total hgaposition peplidedsvele farnmatmkdneanvdiog tSHY Collagkrf Sato et al.,
peptide of the 401.1 29.2 present invention Collagen peptide A 220.6

(Sato1B,7¢t Golldgérgpeptitieod 246 . 118)82, 81T pEPlidy Carypingiqug:
Collagen peptide D 277.2 12.6* P < 0.01 Furthermore, blood .

hy drdlyaiexgipFonnd-eonianding peptitiavidbddir8adh eceaicaa i do oaRb e out
after intake. Table 2 shows the mean value f S.E, of the,

indugpgrihgirstrREHEIn @ BepHds 140 ?ﬁ%ﬁ%lé%ii%bﬂ?saﬁai% same
phen?ltigothiocyanate (PITC), and then carrying out HPLC under the following

conditions. Also, the free hydroxyproline levels in blood plasma were
measured by carrying out HPLC under the same conditions for each
deproteinated blood plasma sample.
(Analytical conditions)

Column: TSK80TsQA (250 x 2.0 mm)

Fluent: (solution A) 50 mM sodium acetate buffer (pH 6)

(solution B) acetonitrile

Elution conditions: solution B 5-10% (0-8 min), solution B 70% (8-11 min),
and solution B 5% (11 min)

Flow rate: 0.18 mL/min

Detection wavelength: 254 nm

Table 1 below shows the mean value £ S E. of AUCy.y values (AUC: area

under the curve of blood concentration of hydroxyproline-containing peptide-

time) (hr - nmol/ml), as calculated for each blood plasma sample.
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hours after intake of each collagen peptide. Table 2 Blood
hydroxyproline-containing peptide lelvels at 1 hour and 2 hours after the
oral intake of collagen peptide compositions Collagen peptide 1 hour later
2 hours later composition (nmol/ml) (nmol/ml) Collagen peptide of the
94.819.3125.5t12.9 present invention Collagen peptide A 53.8 f 5.7*
63.0t5.6" Collagen peptide B 65.316.5*2 76.21t 6.7 Collagen peptide C
Tabl©3-3111.8* 67.1f10.0 Collagen peptide D 57.3 f2.5* 83.316.6"
P<0.05,*2:P<0.01 As shown in Table 1, when AUCs were compared, the
Blooahility texemieriihe - hiaod of ithepegitagenepepiidéteornipositidninfdke of collagen
present invention was significantly increased compared with the cases of
peptitdhe omlmemmimﬁmﬂrcially 20 available collagen peptide compositions.

Nareover;-as a OWM ity T 4 chIII[ w emer thepjood at 1 hour and
q@‘sﬁa%n“ R Surs af er the mta& 5y Ccoolgaag”eh eptide composition
of {REBREE M nvention had signftica ﬂy increased 1.4 to 1.8 times and

1.5 t0 2.0 times greatef ttah tAESTHE VARRAR 161 Yhé other commercially

available collagen pepiide (‘(‘)mnnqmrﬁrg )Fyamnlp 3) Composition of

Collpepigepifdelodd!zter the oral infikk bf#:éﬁ’a@en peptld composition Of

presdioad plasma samples|collected in Example 2, blood plasma samples
Collsebactedaiterthe intake of the collagén:peptide composition of the

Col1PE8SEPEptide B 245.4 % 18.5°
Collagen peptide C 190.0 £ 11.8
Collagen peptide D 277.2 £ 12.6
" P <0.01

Furthermore, blood hydroxyproline-containin‘g peptide levels reach a
peak at 1 to 2 hours after intake. Table 2 shows the mean value = S.E. of the
hydroxyproline-containing peptide level (nmol/ml) at 1 hour and the same at 2

hours after intake of each collagen peptide.

Table 2

Blood hydroxyproline-containing peptide lelvels at 1 hour and 2 hours after the
oral intake of collagen peptide compositions

Collagen peptide 1 hour later 2 hours later
composition (nmol/ml) (nmol/ml)

Collagen peptide of the 94.8 £ 9.3 125.5+12.9
present invention
Collagen peptide A 53.8:4 57" 63.0 % 5.6
Collagen peptide B 65.3+6.5° 76.2 + 6.7
Collagen peptide C 55.3+11.8" 67.1 + 10.0'*S
Collagen peptide D 57.3+2.5" 83.3+ 6.6

P <0.05, " P <0.01
As shown in Table 1, when AUCs were compared, the ability to enter the
blood of the collagen peptide composition of the present invention was

significantly increased compared with the cases of the other commercially
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invention, commercially available collagen peptide A (derived from
fishskin), or collagen peptide D (derived from pig skin) were used. The
ethanol supernatant fraction of each sample was dried and solidified
using a centrifugal vacuum drier, 200 L of 30% acetonitrile containing
0.1% trifluoroacetic acid was added for dissolution, and then fractionation
was carried out by HPLC under the following conditions. (Analytical

avail €oRdifidnsy GohuptidSupendex peptisle HRAG/B0 (AmershawnPhaimbbia],
Piscataway, NJ, U.S.A.) Eluent: 30% acetonitrile (containing 0.1%

abilityiflucrosoetiddid) drow fater 06 dnilyenin DetetciiohowaveliagthBo#m of the
Column temperature: room temperature Analysis time: 60 minutes Elution

collagamplay idereccolesist Bvehy eimiss eidtrig veRaicibh edrésmiicantycn
fraction having a molecular weight ranging from 200 to 500 obtained

b
incregatdiltation Erbdimespashy WA edhCHRER @A h PEitiematasna g‘r‘ﬁé for

a centrifugal va um drier to ap oximatel L. The res ultant was then
the o ARy TLIETSE  RELD ChLRERBR RN IR 18Hwing

conditions. (Analytical conditions) Column: Inertsil ODS-3 (250 mm x 4.6
mm i.d., GL Science, Tokyo) Eluent: (solution A) 0.1% trifluoroacetic acid

so 0 onjtril i % ,
xR SRS A Sobaln g e

peptiSUnn R 40R% (30-40 min), and solution B 0% (40-55 min)

Of blood plasma samples collected in Example 2, blood plasma samples
collected after the intake of the collagen peptide composition of the present
invention, commercially available collagen peptide A (derived from fishskin), or
collagen peptide D (derived from pig skin) were used. The ethanol supernatant
fraction of each sample was dried and solidified using a centrifugal vacuum
drier, 200 pL of 30% acetonitrile containing 0.1% trifluoroacetic acid was added
for dissolution, and then fractionation was carried out by HPLC under the
following conditions.

(Analytical conditions)

Column: Superdex peptide HR10/30 (Amersham Pharmacia, Piscataway, NJ,
U.S.A)

Eluent: 30% acetonitrile (containing 0.1% trifluoroacetic acid)

Flow rate: 0.5 mL/min

Detection wavelength: 230 nm

Column temperature: room temperature

Analysis time: 60 minutes

Elution samples were collected every minute using a fraction collector.
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Flow rate: 1 mL/min Column temperature: 43.0C Detection wavelength:
230 nm Amino acid analysis and protein sequencing were carried out for
each peak resulting from fractionation by reverse phase chromatography.
The composition of peptides in blood after the oral intake of each
collagen peptide composition was calculated. Amino acid analysis was
carried out in a manner similar to that in Example 2; that is, according to

Each the sethacthof Satogbal o (Batevdie Bt @hnhiAgritonood Chempd3Matld by
806-810). As standard solutions, a PTH amino acid standard mixture

gel fi(seduitan) tApplied Rioskstems)cand anfrbit dydraxygsolite fpsepanationng a
(solution) (Applied Biosystems) were used. The protein sequencing was
centrchrgedsoutinyradding the fractiomrsckityoflofidach Peak edrdpwisevts dhen
PVDF (poly(vinylidene fluoride)) membrane and then analyzing the
fractisronend Juguenees agthge sloreinaiequenbzrynpprictcBiobypstams): auhdons.
3 below shows data obtained at 1 hour after intake, representing typical
(Analglgitd, PNFHBS) Composition of peptides in blood after the oral intake

C DA P SENRL o hd PUpTNE A b 5 pradlms HoBafion o<
B3R 2009 SECHHRGNER L roHvp 695 220 544
(solution B) 80% acetonitrile (containing 0.1% trifluorcacetic acid)
Elution conditions: solution B 0% (0-15 min), solution B 0-50% (15-30 min),
solution B 100% (30-40 min), and solution B 0% (40-55 min)
Flow rate: 1 mL/min
Column temperature: 43.0°C
Detection wavelength: 230 nm
Amino acid analysis and protein sequencing were carried out for each
peak resulting from fractionation by reverse phase chromatography. The
composition of peptides in blood after the oral intake of each collagen peptide
composition was calculated. Amino acid analysis was carried out in a manner
simiiar to that in Example 2; that is, according to the method of Sato et al., (Sato
K. et al, J. Agric. Food Chem. 1992, 40, 806-810). As standard solutions, a
PTH amino acid standard mixture {solution) (Applied Biosystems) and a PTH
hydroxyproline preparation (solution) (Applied Biosystems) were used. The
protein sequencing was carried out by adding the fraction solution of each peak
dropwise to a PVDF (poly(vinylidene fluoride)) membrane and then analyzing
the protein sequence using a protein sequencer (Applied Biosystems). Table 3

below shows data obtained at 1 hour after intake, representing typical results.
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lle-Hyp 3 3.8 0.6 Leu-Hyp 10.514.51.7 Phe-Hyp 3.6 3.8 0.6 (Numerical
value: nmol/ml) As shown in Table 3, the composition of peptides in blood
after the oral intake of collagen peptide A or D was composed mainly of a
dimer of prolyl- hydroxyproline. Dimers such as isoleucyl-hydroxyproline,
leucyl- hydroxyproline, and phenylalanyl-hydroxyproline were also
observed. On the other hand, in the composition of peptides in blood after

Table the oral intake of the collagen peptide composition of the present
invention, in addition to conventional dimers such as

C omppsotybhyelf aaypidkne niddiead yddgdtbeypreline: aleu oy -tedcoxigarotines rHnde
phenylalanyl-hydroxyproline, trimers such as alanyl- hydroxyprolyl-glycine

compaitisesyl- hydroxyprolyl-glycine were also present Accordingly, it was

Pe evgaleo that the(%ﬁi i%g%{(e of th e({‘gqlfgggp ﬁﬁ% gpposition of the

resent inve %Il ., which do not

usually entert e ore ?ﬁl{}rl.‘?ﬁerrnoré3 pep de he N- terminal
amino-acid upggsmp ngv\q,tmgpm detected-ameng "e“*"* in the blood

ot uUrnmmo Ily P\—puu\.\.

Ala-Hymrdeid after the n?rgi?makp of nllaggn peptide A% D The results

Ser-Hinpli€dted that a triptbfide having the &mino acid séjuence of Gly-X-Y

Pro-H@yhich has|been 2368réviously reporigdqsee JP Pateht Publication (Kokai)

Pro-HNe-2001-131084 A4ad JP Patent Puldicatian (Kokai) No. 2003-137807

lle—Hjﬁ) does nof enter thedplood in its intagigform evengvihen orally ingested,

Leu- I\ (NUS IS INETTEGiys. The ree sonyinat thetripeptigle Gly-X-Y is not

Phe- }peteCIeo nthe ploog %r[er the oral mtglge théreof m%y bethat after oral

llltou\c glycine-is-cleaved-withinthedigestive tract—and-then only the

(Numpgneainir wipeptidésiéhter the blood.

As shown in Table 3, the composition of peptides in blood after the oral
intake of collagen peptide A or D was composed mainly of a dimer of prolyl-
hydroxyproline. Dimers such as isoleucyl-hydroxyproline, leucyl-
hydroxyproline, and phenylalanyl-hydroxyproline were also observed. On the
other hand, in the composition of peptides in blood after the oral intake of the
collagen peptide composition of the present invention, in addition to
conventional dimers such as prolyl-hydroxyproline, isoleucyl-hydroxyproline,
leucyl-hydroxyproline, and phenylalanyl-hydroxyproline, trimers such as alanyl-
hydroxyprolyl-glycine and seryl-hydroxyprolyl-glycine were also present.
Accordingly, it was revealed that the oral intake of the collagen peptide
composition of the present invention causes new peptides to enter the blood,
which do not usually enter the blood. Furthermore, peptides in which the N-
terminal amino acid was glycine were not detected among peptides in the blood
collected after the oral intake of collagen peptide A or D. The results indicated

that a tripeptide having the amino acid sequence of Gly-X-Y (which has been
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(Example 4) Determination of the N-terminal amino acid residues of
collagen peptide compositions The N-terminal amino acid residues of the
collagen peptide composition prepared in Example 1 and collagen
peptides A to D used in Example 2 were examined. The amino acid
sequences of the peptides contained in each collagen peptide were
determined by dissolving each peptide in water, adding the solution

previodEOPWiSR PRI & EYDF maembrenstisnd SAeKGARING OULanAlYSIY 0wsing and
protein sequencer (Applied Biosystems, an amino acid sequence analyzer

JP Patwithpwhichdtie EdrakamethodisiarEmRoat imadoastataiedemanndibod in
Table 4 below shows the ratio of N-terminal glycine residues to total of

its intdhe N+arminal vaininoe acdbtyresgduesiofpdptides icamposfiigeeéach  The reason
composition. 24 Table 4 Collagen peptide composition Ratio of N-terminal

that thglycipemadicldely t&total ohahd Nertadivalthmible adid fesidbe s frloigsake
Collagen peptide composition 59. 4 of the present invention Collagen

thereopapmtinida 9t o ftssliapen pekiie by o sl Colfsyes peishde dhodigestive tract
Collagen peptide D 65. 4 As shown in Tahle 4, in the cases of collagen

and thep GRi¥stACHIT BT A48 6t NS AtsAISS M sidues to total of the
N-terminal amino acid residues was higher than 65 mol%. On the other
hand, in the cases of collagen peptides

(Example 4) Determination of the N-terminal amino acid residues of collagen
peptide compositions

The N-terminal amino acid residues of the collagen peptide composition
prepared in Example 1 and collagen peptides A to D used in Example 2 were
examined. The amino acid sequences of the peptides contained in each
collagen peptide were determined by dissolving each peptide in water, adding
the solution dropwise onto a PVDF membrane, and then carrying out analysis
using a protein sequencer (Applied Biosystems, an amino acid sequence analyzer
with which the Edman method is carried out in an automated manner). Table 4
below shows the ratio of N-terminal glycine residues to total of the N-terminal

amino acid residues of peptides composing each composition.
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B and C, the ratio of N-terminal glycine residues to total of the N-terminal
amino acid residues was lower than 30 mol%. As described in Example 2,
in the cases of these collagen peptides A to D, the ability to enter the
blood of peptides was low. On the other hand, in the case of the collagen
peptide composition of the present invention, the ratio of N-terminal
glycine residues to total of the N-terminal amino acid residues was 59.4
Table B101% and good ability to enter the blood was observed. Hence, itis

concluded that when-the-ratio-of-N ter....na. by \,...c . estdyes to total of the

Collagsa AFRERSNSH BRRLESdlies oB"b‘éBt ¢ thel composition is
within a proper range, the a |W%r@nfé?1%5lﬁb(ﬂ‘i§aﬁ©ﬁ and when the
ratio is out of such range, th ﬁmIWtor@ﬁmﬁlk?éan@oﬁqgilowered.
(Example 5) Preparation of the collaggdyssptioe tiorpositigns of the

Collag¥gSeRitinventian dkatious proteolytic enzmes were separately added to
of thetggegg{gtlnl\?élﬁglgtlon obtained in Example 1, so that 5 types of powdery

Coilaggﬁa%% gpRae compositign were obtaiged gs the collagen peptide

com ”pi“éi”*Bé" the presen[ mvention unﬂar t@e conditions|of Table 5

Collage
C % EF At e 5-Collagen-Name-and 'U"e'fjed’juu" Deactivation
Ollaﬁﬂ- ﬁrepirl ganhrln of-enzvime Basconditiens—e

pHae Zye-pr | \.uuula-illo CONatot € mpOSition

Couagﬁprmlﬁ\dfi‘pbﬂmn of the present-gelatin) m%e.ature invention and
(n@m%@\ﬁﬁﬁ@ﬂ%bﬂéwlﬁi Elﬁéecases of collagen peptides A and D, the ratio

of N-terminal glycine residues to total of the N-terminal amino acid residues
was higher than 65 mol%. On the other hand, in the cases of collagen peptides
B and C, the ratio of N-terminal glycine residues to total of the N-terminal
amino acid residues was lower than 30 mol%. As described in Example 2, in
the cases of these collagen peptides A to D, the ability to enter the blood of
peptides was low. On the other hand, in the case of the collagen peptide
composition of the present invention, the ratio of N-terminal glycine residues to
total of the N-terminal amino acid residues was 59.4 mol% and good ability to
enter the blood was observed. Hence, it is concluded that when the ratio of N-
terminal glycine residues to total of the N-terminal amino acid residues of
peptides composing the composition is within a proper range, the ability to enter
the blood is high, and when the ratio is out of such range, the ability to enter the

blood is lowered.

(Example 5) Preparation of the collagen peptide compositions of the present
invention

Various proteolytic enzymes were separately added to the gelatin
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02A Subitilisin (6.0g) pH8.0, 90C or Addition of 50C, higher, pulverized 6
hours 10 minutes activated carbon 2.0% and gelatin followed by
purification filtration 02B Chymotrypsin pH8.0, Same as Same as above
(6.0 g) 40C, above 6 hours 02N Actinidain (6.0 pH7.5, Same as Same as
above ) 40C, 6 hours above 02AF Enzyme mixture pH8.0, Same as
Same as above of subtilisin 40C, (5.5g) and 6 hours above bromelain
solutiChQeDQ2RA Enavimenpixture; pHB-Q, Sapesas iSpnaiasabomageh peptide
chymotrypsin 40C, (5.5g) and 6 hours above bromelain (3.0g) The
compaveragessaleshitatnedightsiaf telthisqhipiidd coligesieptidef the present
compositions were examined by a method similar to that used in Example
invenfioT headatiolof MNetedminakghfcliaé residues Yo. total of the N-terminal amino
acid residues of peptides in each composition was examined by a method

Tablestmilar 26

Name and level

Collagen Reaction Deactivation Purification
peptide of enzyme pH, conditions conditions
composition (per Kg of reaction
of the present gelatin) temperature,
invention and
(name of reaction
sample) time
02A Subtilisin (6.0g) | pHS.0, 90°C or Addition of
50°C, higher, pulverized
6 hours 10 minutes activated carbon
2.0% and gelatin
followed by
purification
filtration
028 Chymotrypsin pHS.0, Same as Same as above
(6.0 g) 40°C, above
6 hours
02N Actinidain (6.0 pH7.5, Same as Same as above
g) 40°C,
6 hours above
02AF Enzyme mixture | pHS.0, Same as Same as above
of subtilisin 40°C,
(5.5g) and 6 hours above
bromelain (3.0g)
02BF Enzyme mixture | pHS8.0, Same as Same as above
of chymotrypsin | 40°C,
(5.5g) and 6 hours above

bromelain (3.0g)

The average molecular weights of the thus obtained collagen peptide

compositions were examined by a method similar to that used in Example 1.

The ratio of N-terminal glycine residues to total of the N-terminal amino

acid residues of peptides in each composition was examined by a method similar
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to that used in Example 4. Table 6 below shows the results. In addition,
the average molecular weight of total of the collagen peptide
compositions was 2000. Table 6 Collagen Ratio of N- Molecular
Molecular Molecular peptide terminal weight of weight of weight of
composition of the glycine 500 or less 500 or more 3000 or present
invention residues to (%) to 3000 or more (%) (name of sample) total of

to thatheslessdPox Netgrinal 2pNno aeigh JRSIBURSs MROYEY PRA S50y A14i83R, the
7.702B 63.6 3.887.6 8.6 02N 36.45.085.7 9.3 02AF 58.94.087.1 8.9

avera@2Bfo fd Q14:5:804. 817 . ¢ f (loxamilers) Jeskiancorpads wd of ilibios enter2000.
the blood (absorption test (2)) Ability to enter the blood of the 5 types of
Table @Ilagen peptide composition of the present invention prepared in

T O WAdS ”IIIC || IIll T, LIIL en
g@&ﬁ%'ﬁ) used x‘aﬁnﬁe@ g “T\ﬂille H ﬁe\&? flea pr(ﬂ{f’; ecular
WEBKE'SId) were udELPoF the t stw‘?l”@aé’ e af fiple Nasw?a‘égtto‘)f
001npﬁm@1b8§9%ght gFrel88mple Wik Hidsshver ﬁp@]r@tTIIE’CPWater and
presené sofgidPWas desiyesiritistered(Blinea pigtowktedasted fromare (%)
(namsvehingropthe dayotbefore the test. Blood was|collkated%yer time from
Guinea N-terminal
amino acid
residues
(mol%)
02A 56.7 4.4 88.0 7.7
028 63.6 3.8 87.6 8.6
02N 36.4 5.0 85.7 9.3
02AF 58.9 4.0 87.1 8.9
02BF 64.9 4.5 87.8 7.7

(Example 6) Test for comparison of ability to enter the blood (absorption test
(2))

Ability to enter the blood of the 5 types of collagen peptide composition
of the present invention prepared in Example 5 was examined using guinea pigs.
As a control, the collagen peptide D used in Example 2 was used. Male Hartley
guinea pigs (7 weeks old) were used for the test. The dose of a test sample was
3 g/10 mL/kg body weight. The sample was dissolved in distilied water and
then the solution was orally administered. Guinea pigs were fasted from the
evening of the day before the test. Blood was collected over time from Guinea
pigs under diethyl ether anaesthesia via the jugular vein before administration
and at 0.5, 1, 2, and 6 hours after administration. Blood treatment and
measurement of the level of hydroxyproline in blood plasma were carried out

according to the method described in Example 2. Table 7 below shows the
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pigs under diethyl ether anaesthesia via the jugular vein before
administration and at 0.5, 1, 2, and 6 hours after administration. Blood
treatment and measurement of the level of hydroxyproline in blood
plasma were carried out according to the method described in Example 2.
Table 7 below shows the 27 AUCO_7 values (AUC: area under the curve
of blood concentration of hydroxyproline-containing peptide-time) (hr
AUCnmallods medrtvalues Hiidyr abecaleviatesl 5os ehch ileadrptasmasample.
Table 7 Blood hydroxyproline-containing peptide levels after oral
hydroadminlstratiam ofiwaliagentpdptite coiipositiond Gdllageampeplide £ S.E.), as
Hydroxyproline-containing composition peptide level (hrnmol/ml: mean
calculvahiefios Eayhddkagenl peptideanB5.0 12.5 (Example 2) 02A 247.4
7.9** 02B 281.9 20.6** 02N 264.5 44.3 02AF 269.7 26.0** 02BF
Table #57.2 475 **:p<0.01 Also in the case of the guinea pigs, the blood
hydroxyproline-containing, peptide levels reach a peak at 1 to 2 hours
Bloo d s TALANEE O e s BRABH ShBRRL o Tevel DRI ARG

eptide gramollmlz mean value S.E.) at
collagen peptide compositions

Collagen peptide Hydroxyproline-containing
composition peptide level
(hr*nmol/ml: mean value £
S.E)
Collagen peptide D 155.0 + 12.5
(Example 2)
02A 247.4 & 7.9%*
028 281.9 + 20.6%*
02N 264.5 £ 44.3
02AF 269.7 &£ 26.0%*
02BF 257.2 + 47.5
¥*p <0.01

Also in the case of the guinea pigs, the blood hydroxyproline-containing
peptide levels reach a peak at 1 to 2 hours after intake. Table 8 below shows
the level of hydroxyproline-containing peptide (nmol/ml: mean value = S.E.) at

1 hour and the same at 2 hours after administration of each collagen peptide.
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1 hour and the same at 2 hours after administration of each collagen
peptide. 28 Table 8 Collagen peptide 1 hour later 2 hours later
composition Collagen peptide D 29.82 5.13 27.84 2.91 (Example 2) 02A
40.77 4.9054.75f 3.70** 02B 42.00 5.72 66.04 9.70* ‘02N 44.28 5.84
58.24 11.53 02AF 42.16 4.14 66.06 10.36* 02BF 41.33 61.55 13.41
10.48 **:p<0.01,*:p<0.05 As shown in Table 7, when AUCs were
TableC®Mmpared, the ability to enter the blood of the collagen peptide

compositions-of-the-presentinvention-had—sianificanth-increased

o H
(NI RLe \Jl IIIII\/(J.Ill.I mrrcrcascyu

&%Bﬁ%@l it tAe cases of theolAHREr¢ sially a\?/a]ﬂﬁBFé ledfibgen peptide
D. Murasveii e shown in Table 8, the ability to enter the bload at1 hour

Collagad thepsaimdat 2 hours aft@r&Resirftaki pf the Edlidgen p&btide
(Exarephapbgitions of the present invention had significantly increased

02 A compared with the case ohthe tanymgycially asdaitable sollaten peptide D.

02p (Example 7) Testfor compagisan.pfsability to enfgrdie.bjopgk(absorption

GoN test (3)) The aomty toen eM'%bjLogdggr Z type§8(%5ia|pg g2N) ou of the

nranared- = (g AGCEAN, A LA

OZAFJ types—of-the L,uuagcn p-‘&ﬂu%uglupi)imun th%g@ﬁqpsgweml n

preparcu Hh |_/\uu|||.nc I-WaS-exXarnetw, LII moTTiagri J] S od LontrOL
02BF commercially 411(.)32; o1.55 21541

*Erp <0.01, *: p <0.05

As shown in Table 7, when AUCs were compared, the ability to enter the
blood of the collagen peptide compositions of the present invention had
significantly increased compared with the cases of the commercially available
collagen peptide D. Moreover, as shown in Table 8, the ability to enter the
blood at 1 hour and the same at 2 hours after the intake of the collagen peptide
compositions of the present invention had significantly increased compared with

the case of the commercially available collagen peptide D.

(Example 7) Test for comparison of ability to enter the blood (absorption test
(3))

The ability to enter the blood of 2 types (02B and 02N) out of the 5 types
of the collagen peptide composition of the present invention prepared in
Example 5 was examined with human subjects. As a control, commercially
available collagen peptide E (Nitta Gelatin Inc.; Trade name: IXOS HDL-50F;
molecular weight of 500 or less (0.117%); molecular weight of 500 or more to
3000 or less (46.248%); and molecular weight of 3000 or more (53.637%),; and

the ratio of N-terminal glycine residues to total of the N-terminal amino acid
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available collagen peptide E (Nitta Gelatin Inc.; Trade name: IXOS
ADL-50F; molecular weight of 500 or less (0.117%); molecular weight of
500 or more to 3000 or less (46.248%); and molecular weight of 3000 or
more (53.637%); and the ratio of N-terminal glycine residues to total of
the N-terminal amino acid 29 residues: 72.1 mol%) was used. The test
conducted herein was a crossover test such that: the wash-out period of
residR @F MoreHays as sekter 13 human volunteers; and each subject
underwent a single instance of intake of the above 3 types of collagen
peplida ceompositiondnhdashsanplesrSpeoificalbsteach stbjeahwasash-out
fasted for 12 hours, blood was collected before intake, and then the
periodulijécbingested Eachvtastsafnplé3 Thenmtakellevelcof pach testisaniplect
was 25 g/65 kg body weight. At 0, 5, 1, 2, 4, and 7 hours after intake, 5
underpigndf biood Wwas goissted and kisemitheclabatof hydipssypfoliviéagsmtainirdde
peptide in blood plasma was found by a method similar to that in Example
compositighlerd HIbRAgndRE the Bescidc7iimIses AU estel tinéettatb f@inié hours,

of blood concentration of hydroxyproline-containing peptide-time) (hr
blood, W R VALY S B R P Tor SRR 8160 BT Calfpimple.

The e A.BIgod ydonyproline.pontaining pentie levels afterhe ofgl o 5 ;5
intake 6f Colfageh peptide Composiions Eolagén peptide

4, and HISHPINIG SANIAIN B EOPRITHANASLGN dEYES (AN NR321 of
hydroxyproline-containing peptide in blood plasma was found by a method
similar to that in Example 2. Table 9 below shows the AUCy.7 wvalues
(AUC:area under the curve of blood concentration of hydroxyproline-containing
peptide-time) (hr + nmol/ml: mean value = S.E.), as calculated for each blood
plasma sample.

Table 9

Blood hydroxyproline-containing peptide levels after the oral intake of collagen

peptide compositions

Collagen peptide Hydroxyproline-containing
composition peptide level
(hr-nmol/ml: mean value =
S.E.)
Collagen peptide E 225.8 £21.2
02B 241.0 + 19.4
02N 255.1 & 19.9%*
¥*:p < 0.01

The blood hydroxyproline-containing peptide levels reached peaks at 1 to
2 hours after intake. Table 10 below shows the hydroxyproline-containing
peptide levels at 1 hour and the same at 2 hours after administration of each

collagen peptide (nmol/ml: mean value & S.E.)
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02B 241.0 19.4 02N 255.1 19.9** *:p<0.01 The blood
hydroxyproline-containing peptide levels reached peaks at 1 to 2 hours
after intake. Table 10 below shows the hydroxyproline-containing peptide
levels at 1 hour and the same at 2 hours after administration of each
collagen peptide (nmol/ml: mean value S.E.) 30 Table 10 Collagen
peptide 1 hour later 2 hours later composition Collagen peptide E 63.5
Table 284 67.7 30.1 02B 76.6 26.2 79.4 30.6 02N 82.5 25.1** 80.8 24.6*

*k- n/ﬂ N1 *n NE mn taln wihon Al lCcavara-eamaark +lo
UToOTT UTU9 l—\a olluvvg}lll LCI.IJIC J WHCTT YO TS VWCCTLT bUIIIpEI Cu uirc
é‘gethe

CQAHI&?/’%@EW blood of th BBI’ial@é?]rpeptlde ¢ompositiohd Bt alef
 pPIRapsifwhtion was significantly increased compared.with the same of
Collagites qomitivkrdially available collageni8eptide E. Moreover, 83-3hbwWh ih
02B Table 10, the ability|to enter fhe 6blodd.at 1 hour and the sditetat 2héurs

02N after the intake of the collagen peptide] tompositipns of thes present4 . 6*
invention were significantly increased compared with the same of the
*: peBifimerciBiy drilable collagen peptide E. Industrial Applicability The

present inventio sed fields of produc o] off
e%ér%%%‘éjgdé Paﬁf‘ é)Ctlona’ilfoods anoesuppler%en é A %Oldf}[lg%semer the

bloodPHSH® c%?ﬁgﬂeﬂégﬂ%c@&%%% gitt?gn'g' I}I}*%geef’(fgp&qpmventmn was

significantly increased compared with the same of the commercially available

collagen peptide E.  Moreover, as shown in Table 10, the ability to enter the
blood at I hour and the same at 2 hours after the intake of the collagen peptide
compositions of the present invention were significantly increased compared

with the same of the commercially available collagen peptide E.

Industrial Applicability

The present invention can be used in the fields of production of foods or

beverages such as functional foods and supplements.

All publications, patents, and patent applications cited in this description

are herein incorporated by reference in their entirety.
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are herein incorporated by reference in their entirety. 31 Claims 1. A
collagen peptide composition obtainable by digesting a collagen or gelatin
with protease, which comprises 70% to 100% by weight of peptides with a
molecular weight 500 or more to 3000 or less, less than 10% by weight of
peptides with a molecular weight of less than 500, and less than 20% by
weight of peptides with a molecular weight of more than 3000, based on
the total weight of the composition, wherein the ratio of N-terminal glycine
residues to total of the N-terminal amino acid residues of the peptides in
the composition is 33 mol% or mare ig, 65 mol% or less. 2. The collagen
peptide composition according to claim 1, wherein the protease is serine
protease or cysteine protease. 3. The collagen peptide composition
according to claim 1 or 2, wherein the collagen or the gelatin is derived

1. A folie fishess i Acfoodngrasétioragd, awhidh edngaifis the ogllagerilpgptider gelatin

~ composition according to any one of claims 1 to 3. 32
with protease, which comprises 70% to 100% by weight of peptides with a

molecular weight 500 or more to 3000 or less, less than 10% by weight of
peptides with a molecular weight of less than 500, and less than 20% by weight
of peptides with a molecular weight of more than 3000, based on the total weight
of the composition, wherein the ratio of N-terminal glycine residues to total of
the N-terminal amino acid residues of the peptides in the composition is 33
mol% or more to 65 mol% or less.

2. The collagen peptide composition according to claim 1, wherein the profease
is serine protease or cysteine protease.

3. The collagen peptide composition according to claim 1 or 2, wherein the
collagen or the gelatin is derived from fishes.

4. A food or beverage, which contains the collagen peptide composition

according to any one of claims 1 to 3.
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