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Inorganic Components of Bones of Fish
and Their Advanced Utilization

Moritsugu Hamada*? and Takeshi Nagai**

The vertebrae of fishes and domestic animals have been treated as waste as well as vis-
cera, and have usually been utilized as fertilizer after they were heated and crushed. They are
composed of inorganic and organic substances nearly in the same ratio. The inorganic consti-
tuents of vertebrae have been clarified as mainly hydroxyapatite, Caio(PO4)s(OH)z (HAP in
abbreviation) and B type tricalcium phosphate, Caz(POy); (TCP in abbreviation). Both of
them are well known to be high in affinity for living body, and they are used as biologically
active artificial materials in a wide variety of medicines; artificial bone, bone filler, artificial
teeth root and so on. The HAP are also used extensively in scientific research experiments
such as chromatographic fillers. In the present paper, we reviewed the present status of uti-
lization of HAP, TCP and their ceramics in the fields of medicine, dentistry and -other scientific
research studies, on the bases of our analytical data of the bones and scales of fishes by both
X-ray diffraction analysis and elementary analysis together with the adsorbing effects of their
ashes. We further discussed the advanced utilization of HAP, TCP and their ceramics. The
scientific research has been carried out hitherto using chemically almost pure HAP and TCP,
but now the ceramic products made of bone ash from fish came to be developed for trial.
They are aiming at practical uses such as ion-exchange materials, chromatography carrier and
so on, even in the limited fields of biochemistry. Natural bone ceramics of fishes and domestic
animals are expected to be developed in the future in the various fields of food, environment,
medicine, biochemistry and other wide aspects of human life.
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Table 1. Comparison of the compositions between
sardine scale and human spongy bone

*
Content

Human spongy bone'®

Constituent Sardilrxz

scale Young Aged
Crude ash 53.2 % 58.3 % 58.3 %
Protein ca.41 32.9 31.3
Polysaccharide 0.2 8.9 10.5

# Dry matter basis.

2. BEHIHIDLERS

A TIDI B IORSF AT LIAE T L, ADED
AAFERY 2 BT 5 & (Table 1), 9 A 2 TREBE (R
SVNB3%CH Y, WALSH S VST ETHoTme § VI8
SEDIELAENIT—F L THBI L, a5 -7 VI
HEOTI B THAL FOFL 70 v HERICETNT
Wiz bk, YN EOBERKEINY — AN -2
S DENEEP L LR EIL LB D TH D, —
75, ADETIES8%HIRG, 31~33%Ha5 -7 ThHY,
IBIDBALIV b aAT TV EEI VI L, SHEE

BENWZ LM TH D, /o, ADHIAITHADE
THIRS B (A ) DG Lx D7z, TRORG
DES AL DICT B720D—BE LTRRINTEITo72
HRH, Table 2 ICRTEBY THL,

RAHFOTRIECat’ied% {, DWTP, MgDJET
Holzo INLIBEUNDOTZEDOEEIZEZHLDTHTHT
Holo RH100gB YD Cak POENVIEFETHE,
B3 2 Tholo COENLDOERLZLTICP I
PO/ DALER L LTHE SN DD THHLI LR
EhEbE, K53 Cas(POy)2HBHVIZHAP T2\
PEHEMENT, LEL, CaDV VERIED ) HLEKAT
ZECWEIHAPDATHL T ZLdd, KEDERS

Table 2. Elements of sardine scale ash'”

Element Content in g/100 g ash
Ca 39.39
P 21.08
Mg 2.08
Na 0.19
Zn 0.0715
Fe 0.00784
Mn 0.00578
K 0.00441
Cu 0.00105
Ni 0.00032
Cd 0.00005
Pb 0.0001>
Co 0.00001>

M

Bone ash

Hydroxyapatitle
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* Angle of diffraction,.2 8

Fig. 1. X-ray diffraction patterns of sardine scale ash,
bone ash, and authentic hydroxyapatitezo).
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Table 3. Element contents of sample bone ashes
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Sample species Ca P Na Mg K Fe Zn Mn Cu Pb Ni Co Cd
HAP type % % % % % ~ ppm ppm  ppm ppm ppm  ppm  ppm  ppm
1. Sea bream 35.4 17.5 0.81 0.54 0.215 47 109 41 1.4 0.4 <0.1 <0.2 <0.1
2. Horse mackerel 35.8 17.3 0.38 0.52 0.657 117 85 16 1.2 1.0 0.4 <0.2 <0.1
3. Carp 35.6 16.9 1.01 0.61 0.199 39 280 21 0.9 0.5 0.6 <0.2 <0.1
4. Shark 34.9 16.9 1.55 0.42 0.373 27 91 43 2.0 0.6 0.4 <0.2 <0.1
5. Cattle 3.5 17.2 0.85 0.81 0.340 267 209 1.4 0.7 0.8 <0.1 <0.2 <0.1
6. Swine 3.9 17.0 0.77 0.66 0.364 114 218 1.1 1.2 0.2 <0.1 <0.2 <0.1
7. Fowl 3.1 17.4 0.8 0.70 0.490 376 340 4.8 0.9 0.2 <0.1 <0.2 <0.1
TCP type -
8. Japanese anchovy™ 24.4 16.3 6.27 0.99 3.07 434 252 158 10.3 4.8 <0.1 0.4 <0.1
HAP-TCP type
9. Sardine 35.8 <17.3 0.42 0.47 0.363 236 280 113 2.5 3.1 <0.1 <0.2 <0.1
10. Mackerel 33.9 17.0 2.22 0.67 0.299 158 150 11 0.9 0.5 <0.1 <0.2 <0.1
11. Tilefish 35.1 18.4 0.55 0.66 0.317 45 119 52 1.4 2.0 0.4 <0.2 <0.1
12. Croaker 35.1 17.8 0.60 0.53 0.372 825 104 53 1.4 0.3 0.2 <0.2 <0.1
13. Triggerfish 34.4 17.8 0.46 0.59 0.194 163 273 74 69.0 1.7 12.1 <0.2 <0.1
14, Lizard fish 35.7 17.8 1.48 0.67 0.209 23 196 148 2.1 0.5 <0.1 <0.2 <0.1
15. Spanish mackerel 34.0 18.6 0.81 0.77 0.997 407 219 43 1.8 0.6 0.9 <0.2 <0.1
16. Flying fish 34.4 17.8 0.47 0.85 0.313 297 129 29 9.2 0.9 2.9 <0.2 <0.1
17. Conger eel 35.7 17.7 0.52 0.55 0.329 147 265 218 2.1 1.6 1.0 <0.2 <O0.1
18. Flat fish 35.9 18.1 0.70 0.54 0.454 20 339 94 0.2 0.6 <0.1 <0.2 <0.1

# Niboshi product.
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Fig. 2. Crystal structure of hydroxyapatite'® .
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Fig. 3. Effects of bone ashes of cattle and fish, and ac-
tive carbon on the absorption of Na in 0.25%

NaCl.

O, Fish ash; @, Cattle ash;[], Active carbon.
Added amounts of absorbents, 3g/100 ml of

0.25% NaCl.
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Fig. 4. Effects of dried bone of fish on the absorption
of Na at various concentrations of NaCl water
solution.

Added amounts of ash, 5g/100 ml of NaCl soln.
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Table 4. Present status of the utilization of apatites

Fields of uses Contents Examples Kinds of apatites™
Apatite products Phosphate, Phosphorus fertilizer HAP
Raw materials
Uses of P resources Phosphoric acid, Phosphate HAP, FAP
ingredients Ca resources Gypsum HAP, FAP
P, Ca resources Fertilizer, Foods HAP, FAP
F resources Fluorine, Fluoride FAP
Sintered ceramics HAP, FAP
Intensity and Hardened materials HAP
affinity to at ordinary temperatures
living body Artificial bone and teeth HAP
Electric and Fluorescent substances FAP, CAP
Uses of optical laser materials FAP
characteris characteristics Cathode chromic materials FAP, CAP
Pigments absorbent HAP
. Absorbent Metal ion absorbent HAP
Interfacial and . .
d Virus separation HAP
p}(jw e:'y. i Cigarette filter HAP
characteristics Catalyst Dehydration of alcohol HAP
% HAP, Hydrpxyapatite; FAP, Fluorapatite; CAP, Choloroapatite.
12T
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Fig. 5. Effects of ashes on the absorption of peroxides
of the used frying oil after 24h at 12°C and 50 .
POV of sample oil, 165meq/kg oil ; 6g absorbent/
20ml oil.
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Table 5. Kinds, applications and characteristics of bioceramics

Kinds of ceramics

Applications

Characteristics

Bioinert ceramics
alumina (Al;O3)
zirconia (ZrOz: Y;03)
Silicon nitride (SisNy)
MgO-Al;O3-TiO2-SiO;, Crystal glass Bone

Carbon materials Ligament

teeth, root of teeth, joint, skull
teeth, root of teeth
teeth, root of teeth, joint, skull

High intensity
High intensity
High intensity

Bioactive ceramics
Bioglass (N20-CaO-SiO,-P,0s system)
Hydroxyapatite Cajo(POys)s (OH)
Crystal glass containing apatites Bone
Naz0-K20-MgO-Ca0-Si02-P;0s system
A-W crystal glass (containg apatite *
wollastonite)
MgO-Ca0-SiOz-P;0s system
Crystal glass containing phlogopite
Naz0-K30-MgO-Ca0O-Al;03-Si03-P20s system
Ca0-P;0s system crystal (3CaO - P;0s) Bone
Ca0O-Al;03-P20s polycrystal

Bone (Ossicles)

Bone, Bone filler

Bone (Vertebra, long bone,

root and crown of teeth)

Bone (long bone et. al)

Root of teeth

Adhesive with bone (low intensity)
Adhesive with bone (low intensity)
Adhesive with bone

Adhesive with bone, High intensity

Processible

Adhesive with bone, high processible

Adhesive with bone
High intensity
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Fig. 6. Installations of HAP ceramic parts into bone'”.

Fig. 7. Cross section of the artificial hip joint® .
@ Artificial operculum made of high density
polyethylene.
@ Artificial cranial bone ball made of ceramics.
(® Metal stem.
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Fig. 8. Cross section of a molar.
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material

teeth

rFig. 9. Principle of teeth bridge and cross section of

teeth roots of HAP?
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Fig. 10. Separation of sample proteins by HAP
chromatography'? .

Samples: 1, egg albumin; 2, a-lactalbumin; 3,
myoglobin; 4, lysozyme.

Column: TSK gel HA-1000 (¢ 6mm X 1em + ¢
7.5mm X 7.5cm) .

Eluent: A, 10mM sodium phosphate buffer (pH
6.8); B, 500mM sodium phosphate buffer (pH
6.8); A—B linear gradient (30 min) .

Elution rate, 1 ml/min; Temp., 25T ; Detection,
280 nm.

Single-stranded
Double-stranded

0 10 20

FElution time/min

Fig. 11. Separation of single- and double-stranded

DNAs by HAP chromatography'? .

Column: TSK gel HA-1000 (¢ 4.6 mm X 1 cm +
¢7.5mm X 7.5cm) .

Eluent: A, 10mM sodium phosphate buffer +
0.0lmM CaCl (pH 6.8) ; B, 500mM sodium
phosphate buffer + 0.01mM CaCl(pH 6.8); A
—B linear gradient (30 min) .

Elution rate, 1 ml/min; Temp., 25 ; Detection,
260nm.
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Fig. 12. Separation of ginsenosides by HAP

chromatography'? .

Samples: 1, ginsenoside Re; 2, ginsenoside Rd;
3, ginsenoside Rbz; 4, ginsenoside Rb;.

Column: TSK gel HA-1000 (¢4.6mm X 1cm +
¢ 7.5mm X 7.5cm) .

Eluent: A, 90% acetonitrile; B, 70% acetonitrile;
A—B linear gradient (30 min) .

Elution rate, 1 ml/min; Temp., 25C ; Detection,
210 nm.
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