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Changes in the Physical Properties and Composition of Fish Bone during
Cooking in an Acetic Acid Solution and Green Tea Infusion
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Changes in the physical properties and composition of fish bones were examined after cooking them
in different solutions to render them edible. Bones of horse mackerel were cooked in either a 1%
acetic acid solution, green tea infusion or deionized water at atmospheric pressure or under pressure.
The breaking strength of the bones was measured with a rheometer, and the calcium and crude protein
contents were measured by atomic absorption spectrometry and by the Kjeldahl method, respectively.
Bone apatite was examined by an X-ray diffraction analysis. The breaking energy value of the bones
decreased with increasing cooking time; the decrease was greatest in the 1% acetic acid solution.
Crude protein and calcium were eluted from the bones into the 1% acetic acid solution during
cooking. The apatite crystal of the cooked fish bones was different from that of the untreated fish
bones, a long cooking time giving a crystal resembling that of pure hydroxyapatite. Softening of the
fish bones during cooking can probably be explained by the elution of crude protein and by the
consequent change in the bone structure.
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Changes in the breaking energy of horse mackerel bones with cooking

N, heated under normal pressure; P, heated under pressure. 4, in the 1% acetic acid solution;

M, in the green tea infusion; @, in water.
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Fig. 2. Changes in the weight and water content of horse mackerel bones with cooking
N, heated under normal pressure; P, heated under pressure. &, H, @, cooked weight; &, [, O,

water content; &, A, in the 1% acetic acid solution; M, (J, in the green tea infusion; @, O, in
water.
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Fig. 3. Percentage change in the diameter of the centrum of horse mackerel bone with
cooking

N, heated under normal pressure; P, heated under pressure. A, in the 1% acetic acid solution;
M, in the green tea infusion; @, in water.
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Fig. 4. Percentage changes in the protein content of cooked bone and protein eluted
from horse mackerel bones during cooking

N, heated under normal pressure; P, heated under pressure. A, B, @, protein in fish bone; &, [,
O, eluted protein; &, A, in the 1% acetic acid solution; B, (], in the green tea infusion; @, O, in

water.
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Fig. 5. Percentage changes in the calcium content of cooked bone and calcium eluted
from horse mackerel bones during cooking

N, heated under normal pressure; P, heated under pressure. A, Il @, calcium in fish bone; &, (7],

O, eluted calcium; &, A, in the 1% acetic acid solution; B, [, in the green tea infusion; @, O, in

water.
1000 ¢ 800
800 600 c
£ 600 A £ 10
fou F =3
§ 10 B o) S 200 AB‘/\ > EF
200 mhw M
0 n L ) M-J\AM 0 . N . .
10 20 30 40 50 60 10 20 30 40 50 60
26 26
Fig. 6. X-ray diffraction pattern of synthesized Fig. 7. X-ray diffraction pattern of horse mackerel
hydroxyapatite bones '
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Fig. 8. X-ray diffraction patterns of horse mackerel
bones cooked in water
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Fig. 9. X-ray diffraction patterns of horse mackerel
bones cooked in the 1% acetic acid solution
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Fig. 10. X-ray diffraction patterns of horse mackerel
bones cooked in the green tea infusion
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