1 SPECI FI CATI ON HARD Tl SSUE | NTACTLY DI SSOLVED
N%TERIALS AND METHOD FOR PRODUCI NG THE 1SAVE 5 Field of the
invention The present invention relates to hard tissue intactly dissol ved
materials and nethod for producing the materials, and nore particularly, to
functional food materials ingestible to the human body, or novel 10
materials appligable to feed, nedical gpEedyaicgprromsnetics, etc., and a

nmet hod for producing such materials. The term"hard tissue" used in this

pat ent application is usdPRRE BISRUF INTACILY, PISSOLYED. MATERIALS ANDAni sns

dncluding calcium proteins, pMEMASFoR PRODUDINGOAE shMice el enents such
as bone and bone marrow of mamrmul s, birds and fishes, shells, crustacean

i nt egunent, egg shells and corals. 20 Background of the
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The term "hard tissue"” used in this patent
application is used as a general term for tissues of
15 organisms including calcium, proteins, polysaccharides
and other trace elements such as bone and bone marrow
of mammals, birds and fishes, shells, crustacean
integqument, egg shells and corals.

20 Background of the invention
Various kinds of functional foods containing
mainly calcium, which may be used as supplemental
foods for osteoporosis or other bone-related diseases,
are on the market. Currently, these calcium
25 containing foods are mainly made from calcium
carbonate, calcium lactate, calcium phosphate, or
cattle bone powder, egg shells or fish bone powder
(natural bone-derived calcium).
Although the relationship between the
30 characteristics of calcium components ingested to the
body and its degradation and intake inside the body is
not completely solved, it is considered in general
that intake of natural bone~derived calcium is



in terms, of quick recovery from bone di seases. However, there is a
di‘sadvantage in the comercially avai Fabl e natural cal ci um based foods such
as cattle 5 bone powder or fish bone powder in their problemtic
ingestibility. That is, they are not fully degraded by gastric acid due to
their coarse particles since they are nmade into powder by grinding. A
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solution in order to ,achieve éfficCient intake of calcium conponents
(Japanese Lai d- Qpen P& &¥™g9fi GuirEnTREOVETY6TEGT . Pane sAHEe¥BE basi cal | y
provi des cal ci um i nt Mefresiely) eMeRes 18 acalishdvantagenis trat Sonflerdi £y

sol ubl e 15 cal cium.is ,gdded to,an acid solubbe féagtign obt.ai ned bg 1
decal ci fyi ng ground ﬁﬁﬁéiﬁg@&bPa&EFﬁ SAlSiHBopRsed| ToPdR FRCR ndF & tl%ci d
such as hydrochlsori c bamed posadiefrubirc fdehdbend powder imi their tpwdbbématani c
acid such as formc i nd. . I C id, .0r e 0 b I on
obt ai ned by addi ng aﬁg%ﬁ§§ﬂgn?§%&he ?ﬁﬁgelgra%ﬁ?gng§%d£%€d$§f¥§i%%g%{ﬁgor
to a fraction obtai ndy¥ igastirdleyacid @he tbotbefracoavse partivbes since
bone-derived cal ci umggg ﬁwgk S Ll e[y e i s suspended 25
I n an aqueous sol ution §§§§ -gecgﬁggih?ﬁég¥h€9a§gggqgﬁghtioned I norgani c
acid or organic acid and the bén@ethodevwascpreeased inivhiely maymmab beRes o

a few hours. Thep pr keAgRchdcdfiBaPEEThg! Ac?dU8dsb PuEPon YiRUbr&SE YEEL i C
degradation and a resulting acid i pn or water sol uble

solgbLe 30 fractio
fracti on of nol ecul af e$6361e8tedBEBKPRCT sSCALSHIB SCPRRORENES \m i nt ake
suppl ements, or the gapankesacladdsopen Patéhtr AgpbitatisndNdép H+DELER) .

fractions conpr|S|ngT%ig|§%%5%d baé%bally provides calcium intake

supplements or calcium replenishments in which soluble

15 calcium is added to an acid soluble fraction obtained
by decalcifying ground bone powder using an agqueous
solution of inorganic acid such as hydrochloric acid,
sulfuric acid and nitric acid or that of organic acid
such as formic acid and acetic acid, or to a water

20 soluble fraction obtained by adding an enzyme to the-
above fraction and hydrolyzing it, or to a fraction
obtained by dialyzing the above fractions to remove
bone~derived calcium salts.

More specifically, ground bone is suspended

25 in an agueous solution of pH 2-3 containing the above-
mentioned inorganic acid or organic acid and the bone
is decalcified by stirring for 30 min. to a few hours.
Then protease (e.g. pepsin) is added to carry out
enzymatic degradation and a resulting acid soluble

30 fraction or water soluble fraction of molecular weight
3000 to 60000 Da is used as the calcium intake
supplements, or the above fractions are further
desalinized to produce fractions comprising a mixture



1 of peptides and proteins and soluble calciumlactate or calcium
carbonate is added thereto to produce-tBe—cal ci um repl eni shrents. On the
ot her hand, manmal bones contain not 5 only cal cium but al so
physiologically active substances such as collagen proteins including
pepti des or pol ypeptides, am no acids, proteoglycan and trace anmounts of
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conponents, the phys cal activity o nts contal ne roducts
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produci ng the nateri dhormone badance or activity of enterobacteria) which
is very important in biological systems. Especially,
it has been found that proteins such as BMP or BSP-II
15 discovered recently are deeply involved with the
formation of bone. Their use as pharmaceuticals has
been studied.
In the meantime, since the above mentioned
conventional method used strong acids to decalcify
20 bone components, the physiological activity of
components contained in products are lowered. Also,
since physiologically active substances such as
proteins and proteoglycan are denatured by heat
generated during a grinding process of mammal bones,
25 which is carried out before the decalcification
process, the products do not contain natural
components of the bone.

Summary of the invention
30 Therefore, the object of the present
invention is to provide hard tissue intactly dissolved
materials having an excellent effect on bone-related
diseases and a method for producing the materials in



1 which hard tissues are conpletely dissolved in a short anmount of tine
wi t hout denaturing the original conponents. To achieve the object,
according to the 5 present invention, ground hard tissues and edi bl e
acids are m xed and di ssol ved under reduced pressure. The hard tissues are
mai nl y bones of mammal s, birds and fi shésr however, bone marrow or teeth or
shells, crustacean integunent and corals may al so be utilized. 10 '
Moreover, it is preferable to use lactic acid as the edible acid. The

conpl etely dissolved hard tissues according to the present invention nmay be

obtained by m xijng (iyHRMSHAGd ¢izsQky Re SYURPLALLNY)dADOSSIVET in i $HIRGrt
with acidic solution and-di ssol vi ng then1unger £edgced ressure. When this
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vacuum air present idonpomengeres of bone powder is degassed and the acidic
solution goes into the pores. 20 . n_Lhe l,S, m xed
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The completely dissolved hard tissues
according to the present invention may be obtained by
mixing (immersing, dissolving, suspending) bone

15 tissues with acidic solution and dissolving them under
reduced pressure. When this mixed solution is stirred
in a state of reduced pressure, e.g., under vacuunm,
air present in fine pores of bone powder is degassed
and the acidic solution goes into the pores.

20 When the bone powder is mixed and immersed
in the edible acid under standard atmospheric
pressure, a rapid and sufficient dissolution cannot be
achieved since the solution cannot contact the bone
due to generation of a bubbling phenomenon. However,

25 anti-bubbling effect is increased under reduced
pressure and the contact between the bone and the
solution is enhanced so that the time required for the
dissolving process is shortened and the dissolving
efficiency is increased.

30 That is, in a state of removing bubbles
formed, the outer surface and inner fine pores of the
bone powder are completely contacted with the acidic
solution and dissolved. The absolute magnitude of the



-5- 1, acidic solution which contacts the inside of the bone tissue under
reduced pressure is of tens-fold to hendreds-fold of the contact anpunt of
the ‘acidic solution stirred under standard atnospheric pressure. 5 For
this reason, tine required for the dissolving process is remarkably

short ened and nore inportantly, it becones possible to dissolve bone

conponents |ntaq§Iy @H@ﬁﬂéﬂéamdQ&%B'ﬂhﬁ%h“@%ﬁthb@sdﬁﬁéefngidéegﬁCeﬂe bone
pressure and the soluhility is shown in _10 FIG7). This is begause t he
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sufficiently extracted.

15 Since time required for the dissolving
process can be reduced, denaturing of bone components
due to the acidic solution is minimized as much as
possible and their yield is remarkably increased.

The application of the hard tissue intactly

20 dissolved materials according to the present invention
is not limited to functional foods (especially,
calcium replenishment). The materials are also
applicable to pharmaceuticals, cosmetics, bone fillers
(medical materials), toothpaste materials, internal

25 pellets having sustained release property and so on.

Note that when the materials are eaten by a
human as functional foods, it is necessary that they
are not poisonous to the human body. From this point
of view, strong acids such as hydrochloric acid cannot

30 be used in the present invention. According to
experiments conducted, use of organic acids such as
acetic acid (including the one from rice), wine
vinegar and formic acid is found to be preferable as



-6- 1  the soluble solution which is not. poisonous to human bei ngs. Al so,
it is confirnmed that since cal ciumcorpénents of hard tissues have been
converted to 5 calciumlactate in the hard tissue intactly dissol ved
materi al obtained as a final product when lactic acid is used as the

di ssol ving solution, intake of the material in a human body is very high,

and the product jhas hﬁh@hs@iwl%l QQ16R1 oRCHhYERY is! Ao¥Nb&sShbus NEo yman

conponents of the bone (tissue) are kept intact. Brief  description o
drawi ngs FI G 1 shows P#i8@8onat ogram of an exanpl e of the hard tissue

intactly dissolved materials agagodi i8 18 cohfithedPERSENEihEY 41O ymF! G 2
shows a chr omat ogram of decalcificgted ﬁgggonents of . a manmal hard tissue
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of reduced pressure and the
Brief description of drawings
FIG.1 shows a chromatogram of an example of
the hard tissue intactly dissolved materials according
15 to the present invention;
FIG.2 shows a chromatogram of decalcificated
components of a mammal hard tissue obtained using a
conventional method;
FIG.3 shows Western blotting indicating
20 existence of BMP in a hard tissue intactly dissolved
material;
FIG.4 is a diagram constructed based on soft
X-ray photograph taken after an experiment in which
the hard tissue intactly dissolved materials are
25 implanted underneath the back region skin of a rat;
FIG.5 is a diagram showing measured values
of alkaliphosphatase activity of the hard tissue
intactly dissolved material;
FIG.6 shows Western blotting indicating an
30 existence of BSP-II in hard tissue intactly dissolved
materials; and
FIG.7 is a graph showing the relationship
between the degree of reduced pressure and the



-7- 1 solubility. Preferable enbodi ments of the present invention FIG 1
i s an exanpl e of chromatograph showing 3 - conponents of the hard tissue
intactly dissolved materials according to the present invention. As shown,
t he nol ecul ar wei ght of organic matter originally contained in the hard
tissue may be confirnmed to be a m ni mum of hundreds Da to a nmaxi mum 10 of
two mllion Da gr nof r, using the conventional nethod, organic
matter in a sna?i raﬁgg kr?§ﬁ¥eooo to 60000Da, can only be obtained as
shown in FIG 2. This indicates that conponents having hi gh physi ol ogi cal

activity are lost during mf&abléeéﬁbsaiméﬁtsoafaeﬁedpﬁaééﬂtZﬁH@ﬂmon
processes. On the other hand, gccordln ent” i nvention

possibl e to obtain organic mat F&F-dudf gg ﬁ?ﬁ?@?g ?lﬁ%¥ﬁﬂ?ﬁ@gféﬁklﬂ%gyf%$d
pol ysacchari des sof mmwnmbghthbehwentiﬁauenﬂntmnyl dissoedi t hout

' hawyi high physi gl Enbod
The hard tissue i nt alBFEdra, ArBATHANE, ol ERCBERERRS LBV ERET Moo cht |
i nvention may be obt shosu, fthe ewaepharusenghtheffeotdamdiagnproerdure. 25
First, mammal bones %yss 13 'cbﬁtéﬁﬁcgﬁ@ﬂ”ﬁhe"‘ﬁ#& 95’35&%%%2@8& heat is

restralned as much as p , articre srze
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pr ef erabl e t hat e 3 S nor Q@ﬁr
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sol ution of appropri && @BﬁéEHPFaF?Bhode grganicppateex inR shallorangeer
contai ning the sol ut ifgsdm S0plag¢edsdob06Da, can only be obtained as shown in

FIG.2. This indicates that components having high
physiological activity are lost during the

15 decalcification and desalinization processes. On the
other hand, according to the present invention, it is
possible to obtain organic matter such as proteins
(including peptides) and polysaccharides of molecular
waeight between 100 and two million Da without losing

20 components having high physiological activities.
Embodiments

The hard tissue intactly dissolved materials
according to the present invention may be obtained,
for example, using the following procedure.

25 First, mammal bones or fish shells are
ground, while generation of heat is restrained as much
as possible, until their particle size becomes
appropriate. The ground particles are then washed
with water. It is preferable that the particle size

30 is no more than five mm, for instance. After washing,
the particles are mixed with the lactic acid solution
of appropriate concentration, e.g., 10 percent, and
the container containing the solution is placed in a



-8- 1, degassing apparatus and is left under reduced pressure while the
solution is stirred. In this case, as-tBe-rate of degassing is increased,
the rate of dissolving process of the hard tissue is increased. Al teration
5 of the components due to the reduced pressure could not be confirned.
Thus, in order to reduce the process tine as nuch as possible, it is

necessary tOd,SE igr thg |s‘ét1h@nﬁbi§f§a€h§t Snufhh?h1é§t?§n§é?Sﬁeaﬁc@@8§it:8é§t1fé>
a vacuum conai ti on. e Qt ur or_sS [rn IS NnO
limited, it is desir&b*i ggﬁéé°&“%6ﬁptéﬁp§£éfﬁ? < (f 5P tak gésefr%ﬁhﬁbe
degree to 20 degrees)ater effcdebhysdhquisf Qu&rdasédesmenr@tdeéft@wwyﬁm
the growt h of bacteriga and so ts of the

manmal bones ‘and fi sB-§FESs© ﬁh?hﬁeRESHpFéFﬁPﬁ aFAiB?E%ﬁsﬁﬁte ﬂf TR PR x
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reduction 20 of pressure is carri I on of
pressure i s not carrb¥@cese, tise as| mugh égnpgﬁéhbkeoflthésb@ﬁ@e$$%§ﬂét%an

be di ssol ved. Homever;-smﬂytmd%unmbhelar58§esee @hichNes COEPOTSEL Sagan be
di ssol ved wi t hout denat ur,i el d_of calcium organic

n
matter and trace el ePOFSdR égnFelﬁeHaﬁPP§|ﬁﬁP?}tFtharﬁl?h%%%%s the

significantly iner eatesiperdeurehefabeyering tienﬁdtrﬁﬂmseddprﬁsswe
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e

which no 30 reduct SuPge; 8 3%?@%?85? Ure (9% PXRTRLS hat™Hhen
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condition) are enpl oyedycblie JROYEAURNELOPEAVELE! Enb St HHESE D Steria
and so on.

15 All the components of the mammal bones and
fish shells may be completely dissolved after five to
six hours of stirring under the above mentioned vacuum
condition. The process time may be significantly
reduced compared with the case in which no reduction

20 of pressure is carried out. Moreover, if reduction of
pressure is not carried out, not all the components of
the bone tissue can be dissolved. However, by
reducing the pressure, all the components can be
dissolved without denaturing.

25 The yield of calcium, organic matter and
trace elements contained originally in hard tissues is
significantly increased under the above-mentioned
reduced pressure condition (not necessarily a vacuum
condition) compared with the case in which no

30 reduction of pressure is carried out. It was found
that when 10% lactic acid solution and reduced
pressure condition (e.g. vacuum condition) are
employed, the above-mentioned yield is increased to



-9- 1 about six to ten-fold conpared with the yield under non-reduced
pressure. Also, it is possible to obtaiA calcium organic natter and trace
el enents originally contained 5 in hard tissues substantially intact.
That is, although the nol ecul ar wei ght of proteins (including peptides)
contained in normal natural hard tissues ranges from hundreds to two

mllion Da as shown iaboultGelix thetenlesubacomBasbl withatketysete ¢haep! ved
10 mat eri al s obtai ned under non-reduced pressure condition is nmerely in

the range of 3000 to"$¥08& PIRSRHTPn FIG 2. On the other hand, it is
possible to obtain hard tissueadsspoienis pbsstblel €6 ublstaiwi gilciange from

100 to t 11 1ion t d I.SS rticles-lactjc acid m xed
solut?onm?sngtirredDgﬁgggﬁFégﬁggggpPéésﬁf%ggTﬁg3ﬂ§?%Ft+€g%£n?%#%d??gtalneéa
di ssol ved naterifal s dacbaidngissuesespbstantiablenintacty e Trteris) s in
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are considered to be incl roterns havi ng” suf en 0gi Ca
activities. For thispPepiides)espotahpedoinnnernxl statirabfh®sP-tisgueme

sialoprotein II) andrEMBeQbQQSm”BﬁHEQGEEGEB?t@é0&fi$@oﬁrbiﬁﬁé’ééé@%ﬁ?n

Intactly dissolved materials hysi ol ogical activity o are

25 and )
i nvestigated. FIG 3 & 'atQFuH918ﬁué§$sV?H§hBNFfihﬁ%ﬂrﬁ&ﬁﬁﬁ¢sﬂﬁ§§q}ﬁ%énIy
di ssol ved materiial . Tate¥daler bbbhohbd NGnasE NAchVESAwSET Brak e

con e ion RS, MRE RRNACH" Yy, BBYLEF SR ORRSh TR B0 B
anti-bovi ne BVWP-2 npasckbowh dnt FiGdg. waSndehecotier rhdmde 2= i pdssidiler
hand, the same type @b BRRdiWPRal§! ££56de AohPEnd Sl Shdle ARSLAEA00
weight range from 100 to two million Da when the hard
15 tissue particles-lactic acid mixed solution is stirred
under reduced pressure.

The hard tissue intactly dissolved materials
according to the present invention are materials in
which proteins are dissolved in non-denatured state

20 and the materials are considered to be including
proteins having sufficient physiological activities.
For this reason, existence or non-existence of BSP-II
(bone sialoprotein II) and BMP (bone morphogenetic
protein) in hard tissue intactly dissolved materials,

25 and physiological activity of BMP are investigated.

FIG.3 shows a study on existing BMP in a
hard tissue intactly dissolved material. The Western
blotting method was used and the confirmation was made
using anti-bovine BMP-2 monoclonal antibody. As a

30 result, a band of about 24000 molecular weight which
responded to the anti-bovine BMP-2 monoclonal antibody
was detected in lane 2. On the other hand, the same
type of band was detected at the region of about 28000



- 10 - 1 nol ecul ar weight in lane 4. This indicates that BMP existed in
the hard tissue intactly di ssolved matedPals and that it existed in a nore
intact state conpared with. the one fromthe guanidine extracted 5 met hod
which is generally carried out. Then, in order to determne if the protein
has a physiological activity, its bone formng ability was exam ned by

i mpl anting the mat er mellecwlder wedghtt ia 3kha al onghasbasdicebgesnthitaBmat .

10 FIG 4 |s I a ¢ted basgd soft X-ra
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pel l ets which were calC|f|cate@he;he1Ka5§3§r0£02dg@grﬁlﬁéel?bghgu§fg +efhn
hi gher than that of 1 which is_a _céntrol d the activit l1ttle

hi gher than that of RasTRepPby¥§ielogicald ESE%VHEYediFﬁa?°¥ﬁefﬁﬁﬁﬁﬁ% phRbEty

shown in FIG 4 was n%sd@&amn%urmye1ﬁlgmaﬁt§ﬁg0£héah§téman§l Sha¥eled e
bone i nducing activi ows_t he eéan1nat|on of an

exi stence of BSP-1I %%ﬁhgi&ntﬁégﬂg Pnpﬁﬁkl§egF9§o?§eﬂ Fterials. The
Western bl ottingoret hod usi ng #I€.antis- hoﬂuagr&ﬁpeoh$tnm®bedohakeanbmb@d@t

Antibovine Bop. 30 rpY BABtegRAPRS ce kBB LS e hEF COne rSRPRESRRAE LA e
ti ssue intactly di sséhectamd: &isshe @nnabahgsdisaguveq.materlals are
implanted underneath the skin along a back region of a
rat. Since opaque images are shown in 2 and 3, it is
15 evidenced that the hard tissue intactly dissolved
materials has bone forming ability.

FIG.5 shows results of measuring values of
alkaliphosphatase activities of pellets which were
calcificated. The values of 2 and 3 are obviously

20 higher than that of 1 which is a control and the
activity of 3 is a little higher than that of 2.
Therefore, it is considered that the opaque image
shown in FIG.4 was not due to simple deposits of
calcium and showed the bone inducing activity.

25 FIG.6 shows the examination of an existence
of BSP-II in hard tissue intactly dissolved materials.
The Western blotting method using the anti-bovine BSP-
IT monoclonal antibody was employed. As shown in the
figures, bands which responded to the anti-bovine BSP-

30 II monoclonal antibody were detected in the hard
tissue intactly dissolved materials (in lanes 2 and
3).

As mentioned above, the existence of



As mentioned above, the existence of 1 proteins involved in bone

formati on such as BWMP and BSP-11, whoselase in treatnent of bone-rel ated
di seases, e.g., osteoporosis have drawn attention recently, in the hard
tissue intactly dissolved 5 materials was confirned. Thus the hard

tissue intactly dissolved materials according to the present invention can

provide not only the grtein® S@viol vadPRheBBAES fEPhaiSR ¥R OXS m@dams
whi ch contribute to recovery of bone-related di seases by supplying 10

proteins, which enhafS®He” FBOS&: PSR &P Bﬁﬁétmﬁﬁﬁe?ﬁeP°QﬁT¥P%ﬂ trace
anount physi ol ogi cal laiseeidess @, qme;nbateAbaeosmeena#acar&wﬁca@ltém@hé&duced

dit b b d ly in
Phe Torm of ol uble CRIAFGTY: WiekhengaEd) EXERpes REHE LY dErepiysdna
food, its digests bil mta;temaaﬂsr lwaar eoatctr:hédnt Thas the mf&rta‘:@ehﬁe um sal ts.
The hard ti I nt e 0, e S
Tvent] on my be pr odiEastY: RASEOITBNChRBE? 1 425 aB6ERERASILS PEiC TSR
(dry milk) (and sugaﬂnWEnﬁéoessanyprpgléddndttonlhetharch1¢swmesmbMﬂer and
lactic acid bacteriu lE%EhQQVbﬁ@dSQsB°§é£éﬁhé2@?&&&ﬁ%§ﬁ$¢£@ﬁ‘é&ﬁ@fﬁﬁﬁéﬁ

25 hi gher than room ténperature, e. 3 I's converted
to a lactic acid soIG%!6#°&W6rﬂ'§§op9§§‘¥ﬁéaﬁ e gdiseases JoioeepPIFiRg | f

the lactic acidipact ¢rict@iing,a¢#eent enflhhkedtHe "FSLHatidh dhepdy d tissue
powder under the redgged 5 essy ndition, it Is g;SS|bje to

intactly dissolve th EIWﬁ§$d°gpg§ugr68ﬁpﬁﬁgﬂ?§ physigirgicakbint of
time simlar to the aphiveredementd.enbodi nent. In

Also, when lactic acid and reduced pressure

condition are used, bone calcium may be obtained

15 mainly in the form of soluble calcium. When the
calcium is used as a functional food, its
digestibility is far more excellent than the other
calcium salts.

The hard tissue intactly dissolved materials

20 according to the present invention may be produced
without using the lactic acid solution. When milk
(dry milk) (and sugar if necessary) is added to the
hard tissue powder and lactic acid bacterium is
further added to it with stirring at a temperature

25 higher than room temperature, e.g., 37 degrees, the
milk is converted to a lactic acid solution and
dissolves the hard tissue powder. Thus, if the lactic
acid bacterium is added to milk and mixed with the
hard tissue powder under the reduced pressure

30 condition, it is possible to intactly dissolve the
natural hard tissue components in a short amount of
time similar to the above-mentioned embodiment. In
this case, it is preferable that the initial



this case, it is preferable that the initial - 12 - 1 tenperature is
hi gh, however, if the pressure is reduac@@ when the mlk is converted to the
| actic acid solution, the sane result as the previous enbodi rent may be
obt ai ned. Note that the process tine becones a 5 little longer if the
above conditions are used due to the tinme required for conversion to lactic

acid. Also, the hard tenpeithiteaGlsl highSSabWeVePBt €¢I 8hE8 BLESEHAFEJYiEO the
present invention are not ljimted ﬁo the_ ones obf ai ned by t he Eroces

s
described 10 in th& ndikodSnERRVerksd ERakpeelachicearife
acid is not limted tsplutdion; abiedsahlecreeastnakhthel peévioasi dmbsaimenti n

h b nbodi t i t ai, di I ial, which, b t
With Teast T oo st anc@a B PREAIReRas: NOTR, ERaRoFRr Broptns B1ie neSnges
assunption that & he dttdlieallongezatiénther abbivg aenditionsearaguagdnfuérbm
bone-rel at ed dlsease§ﬁgfeam%p hhgggh Eggdcggggg?ibﬁ gbs§§5¥§g g?igflals

une el e obtarned, 1t I'S no

whi ch are not poi sonous to ng can 0 r necessary
to use the lactic acid as a 20Als@i,s&bevhaydstissnenintactiyiedisnelyvedul t

can be obtained, it i%tRe331R AckBrdifgats! thedptdsefitt {hbeAtidn AFé dﬁ?.t
juices, etc., as the _dissolving solution. Not to nention that, 1f the final
product (the hard ti ddfabtesk £0 thejrres ob§ained Py thei Rrogesgsdesesiheds

food material, itois ipothedladove weatiefe@deRbeddfbHE. SUPHraexaMPIEs RS C
acid. Although it is g¢ l.ai ned .t hat the letuae of . t he, bone, |33ﬁﬁﬁpomder
and the lactic acid SOHRLEARST RemENLiPAERY; EOs1RPTLE 2Gidr rTRRicERRSOD

pressure 30 condi t thiat( Aagticvacidmieondetli dn) tha abeverenmbodiment is to
embodi ment, the nean%&gagg g?hﬁ%s%&%eﬁeﬂgﬁgggagfeﬁﬁf&ﬁ can be eaten with
least resistance in terms of taste and other factors,
15 on the assumption that the material is eaten directly
as a recovering agent from bone-related diseases or a
functional food. Thus, if dissolved materials which
are not poisonous to human being can be obtained, it
is not necessary to use the lactic acid as a
20 dissolving solution. If the same result can be
obtained, it is possible to use acetic acid, citric
acid, acidic juices, etc., as the dissolving solution.
Not to mention that, if the final product (the hard
tissue intactly dissolved materials) is not used as a
25 food material, it is possible to use non-edible acids
such as hydrochloric acid.

Although it is explained that the mixture of
the bone tissue powder and the lactic acid solution in
the container is stirred under reduced pressure

30 condition (e.g., vacuum condition) in the previous
embodiment, the meaning of using the reducing pressure
is to ease the contact of the acidic solution to the
interspace of a powder particle. Therefore, it is



I.s to.ease the contact of the acidic solution to the interspace of a powder
particle. Therefore, it is - 13 - ¥ 13 preferable to increase the nunber
of contacts between the interspace of a hard tissue powder and the acidic
solution in order to enhance a dissolving effect. Thus, it is possible to
change the degree of reduced 5 pressure so that the acidic solution

whi ch goes into i nt ensRarearadld itle iMRTRAseaNBDHANLES! 08XaBRtEctal betwdén
m nutes of stirring der, vacuum the pressure,is returned to_atnospherjc
for five nminutes and nRRIERage, oLy o §ésﬁPﬁu98¥?eﬁnEn§hFEepg?%@%ﬁ
is 10 repeated. TisoIutlorofim grdieretd emnhantepar 8issbavingl efféed. It is

acceptable if the pa I r tion and _nonzyedyction o [ressure
by which the dissolub%%%ﬂbﬁﬁﬁggg%ﬁsgg%@epgﬁdg aP§808ﬁ§|§?§ﬁan°g gﬁ%??e
anount of tine. 85 PErgssuwre so ithatndhet agiBinceolhtibnrwhicksgeesnintol y
di ssol ved naterialsaﬁﬁgg | r lL.axenti.Qn i ugd o

cal ci um but al so bone or%ﬂr%%%of: Igﬁ'r?ég ?E,%%EZEQ}{ gzs)b%NP gﬁ% 1B§%nﬁ.’é, i#’é’er
intact form whose us¥ iminutes efnstdrrisgeundent vacuiweathe poessuperisis)
have drawn attention JeRifiHdd td latidpAssiBl eok0r Y8 h Ryt L8ChhaNehet OBEK

whi ch have positive effects on bone rmation necessary

bone-rel ated di seased¥@PWW foxs 39smdppsessi and khisopaktefpedsa | actic
acid i s used as 1 ssHetrehtagrNt Thel RGRel bfi & pAt8epRIisMmbbepirtiteiarly
soluble calcium its .digestyjbil tﬁ as a fgngilomgl good L§ far nore
excel | ent conpared wik r Fuficegprablggll the pattern repeats
reduction and non-reduction of pressure by which the

dissolution of hard tissue powder is completed in a
short amount of time.
15
Possible use in industry
Since the hard tissue intactly dissolved
materials according to the present invention includes
not only calcium but also bone forming proteins such
20 as BMP and BSP-1I, in intact form, whose use in
treatment of bone-related diseases (osteoporosis) have
drawn attention recently, it is possible to provide
functional foods which have positive effects on bone
formation necessary for the bone-related diseases such
25 as osteoporosis. Moreover, when a lactic acid is used
as dissolved agent, since it is obtained in the form
of soluble calcium, its digestibility as a functional
food is far more excellent compared with other calcium
salts.
30



CLAIMS 1. A hard tissue intactly dissolved material includi
matter containing at |east proteins, ealld #m and trace el engmmmﬂu'mmmi"lm
by di ssolving 5 natural hard tissues, wherein said organi ct matt ér ®xisst *

in a non-denatured state. 2. (After anendnent) The hard tissue intactly
di ssol ved naterial according to claim1, wherein proteins obtained by
di ssolving 10 gjnatural hard tissues inclgggggbone norphogenetic protein or

bone sialoprotein I1. 3. The hard tissue intactly dissolved material .
according to claim1 further cdnmpd $axg $5§8Ee 1BGRETLIN digsolved material

(Addi tion) The hard tumummgt @i@a‘:‘u@ &a&t&dcaahe&hahgaseowaaa pPoté2h8) 2

further conprising soI bl.e._ca Aft er Lals
feed, pharmaceutical & sﬂﬁﬁlﬁﬁécﬁnEI&HFH§SVh8g a}Beéoﬁy 8?§§8§VFﬂ9actly
di ssol ved nat eriml amatualethard a:lixssmes,ohhelreumss&:.ﬁm#gaﬁlc(ﬁétEér
amendnent) A net hod fq‘r(?q.{]gqxu%[ ploc:] dggr E,leasg%agnt actly dissol ved

mat eri al, wherein groun ard tissues And an 3crdcare nixed and said 25

m xture is dissolved under red@ced paydstissuz. ippadtliyodissbdvedt hod for
producing a hard tisgstditAact!y dissolved material according to claims§6,
wherein said acid is an edibl’e acid., 8. (Addition) The nethod for producing
a 30 hard tissue intactly di ¥96rein prcteins abbainedgbyodésaphving

wherein said edify e 3Rithral dahrACtiiGsaekd inehilib8Nbofle héEpREgEAEBRIAENT )
The method for protein and bone sialoprotein II.

3. The hard tissue intactly dissolved
material according to claim 1 further comprising
soluble calcium.

15 4. Food materials, feed, pharmaceuticals and
cosmetics including the hard tissue intactly dissolved
material as claimed in claims 1 and 2.

5. A method for producing a hard tissue
intactly dissolved material, wherein ground hard

20 tissues and an edible acid are mixed and said mixture
is dissolved under reduced pressure.

6. The method for producing a hard tissue
intactly dissolved material as claimed in claim 5,
wherein a dissolving temperature is between 0 and 20

25 degrees.

7. A method for producing a hard tissue
intactly dissolved material, wherein hard tissue
powder and lactic acid solution are mixed and said
mixture is dissolved under reduced pressure.

30 8. The method for producing a hard tissue
intactly dissolved material as claimed in claim 7,
wherein said lactic acid solution is obtained by
adding lactic acid bacterium to milk and stirring at a
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1 producing a hard tissue intactly dissolved material according to claim
8, wheréin said lactic acid solution +si®btai ned by addi ng Jﬁﬂ“ﬂl‘ﬂlm‘"m“lul
bacteriumto mlk and stirring at a tenperature no | ess tha

tenperature. 10. (Addition) The nethod for producing a hard t1 sSuetinfactly
di ssol ved material according to any one of clains 6 to 9, V\herel n said
reduced pressurg is d y once. 11.
(After amendnent Thg%gﬁsgu?g B%r% %iﬁgégsﬁ ]g sue I nt actly dissol ved
material according to any one of clains 6 to 9, wherel n a dissol ving
tenperature is between 0 and 20 degrees. 15 12. (Addition) The

nmet hod for producing a hard tissue intactly dissolved nat er| al according to
claim 10, wherein a dissolving tenperature is between 0 arkhisZBeetlitgBemReplated
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